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SECTION 1

INTRODUCTION

The Air Transport of Radiation (ATR) Code has
been developed under the sponsorship of the De-
fense Nuclear Agency (DNA) as its standard
modei of initial radiation free field dose (kerma
fres-in-air) from nuclear weapons in uniform ait
and air-over-ground geometries. The ATR code
is capable of predicting free fieild doss from
x-ray, prompt gamma-ray, neutron, neutron-
induced (secondary) gamma-ray and figsion
product gamma-ray components of initial radi-
ation. it makes such predictions with 8 minimum
ot user input, thus making it ideal for use by
weapon effects analysts wino are unfamiliar with
the detaily of radiation transport methodology. As
such, it has been used to aid in the sstablishment
of targeting doctrine and troop safety exclusion
radii. Portions of the code have beean extracted
for use as moduiles in larger codes. The code has
also been used to supply radiation environment
data sets for use in a variety of applications. such
as systems analysis and engagement codes, the
DNA Effects Manual One (EM-1) and the DNA
Electronic Handbook Series.

The development of ATR was begun in 1970 and
continued over the next saven years. A bibliogra-
phy of ATR-related reports is provided in Table
1. Inits initial form ATR was intended to provide
transport data for prompt radiation components
for sources in uniform air and in the vicinity of the
air-ground interface. By the time version 4 was
released in 1976, the basic code had been ex-
panded to include delayed gamma rays and to
treat sources near the top of the atmosphere,
among other, additional capabilities.

This period of ATR development coincided with
major improvements in the state-of-the-art in ra-
diation transport codes and cross gections and
the capabilities of cnmputers to copa with large
computational tasks. Thus, in 1975 the antire ATR
data base was repiaced with resuits calculated
using new DNA-sponsored evaluaticns of nitro-
gen and oxygen crose sections (ATR3j. At that
time new corrections to the uniform sair data for
the proximity of the source to the ground were
also incorpora.ed. Thete were derived from
DNA-sponsorad calculations of fiasion and 14
MeV neutron sources at heights to 300 meters
and ranges to 1500 meters, such problems heing
the largest which could be run at that time,

In 1877, ATR underwent ancther modification.
The effort, sponsored not by DNA but by Ballistic
Research Laporatory (BRL}, accomplished the in-
stallation of source energy-dependent air-over-
ground correction factors for neutron and gamma
radiation. The data from which those correction
factors were derived were calculated under DNA
sponsorship and were the resulits of the first effort
to apply DOT in the adjoint mode for such a prob-
lem, i.e., long ranges in air-over-ground geome-
try. That version of the ATR code is known as
ATR4.1. Subsequent to the production of ATR4.*
it was found that the two-dimensional transport
calculations on which its air-over-ground correc-
tion factors were based were performed using a
ground moisture lavel significantly oelow normal
levels. This caused ATR4.1 to overestimate the
neutron dose and overestimate the secondary
gamma ray dose in the vicinity of the ground. As
a result of this finding, the most accurate applica-
tion of ATR, using version 4.1 and those previous,
may be cbtained by using ATR4 for neutron and
secondary gamma ray doie data and ATR4.1 for
prompt and delayed gamma ray dose data.

The above paragraphs provide a very brief sum-
mary of the complex development process of the
ATR codse. A more comprehensive history of that
development up to 1977 is contained in Appendix
A of this report. From 1977 to the present ATR
has been used by many agencies in its various
versions and has been examined {or internal con-
sistency and tested against independent data.
This report describes the resuits of a program be-
gun in 1985 to revise ATR based on insights
gained from that collective experience. The pro-
gram includes revision or replacement of the fol-
lowing portions of ATR:

n Uniform Air Transport Data Base
- Neutron
- Gamma Nay
- Secondary Gamma Ray
- Humidity Correction

0 Air-Ground Interface Transport Corraction
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SAI-71-565-1J
November 1971

DNAZRO31
May 1972

DNA3144A
April 1973

ONA327ST
August 1974
DNA3362Z
August 1974
DNA3819F
July 1975
DNA4D61
January 1976

ONA3395F
January 1976

BRL CR 343
August 1977

Table 1. ATR documentation summary.

CONTENT

Paper given at RSIC Workshop on Radiation Transport
in Air, Describes logic of code and some data base
development.

First report describing basic concepts of ATR and
the first distributed version of the code; describes
neutron and secondary gamma-ray data base genera-
tion. Includes air/ground and exponential air
correction factors.

Users marual for ATR-2 version of the code; does
not describe data base generation.

Describes data base generation for photons (prompt
gamma rays and x-rays) and the prompt gamma-ray
air/ground correction factors.

Surmary of the capadilities of the ATR code with
updates to ATR-2.

Describes ATR-3 including new data base usin; DNA
cross section library, new air/ground correction
factors, low energy x-rays, and new REGROUP routine.

Cescribes TDATR, the time-dependent prompt photon
and secondary gamma-ray version of ATR.

Describes fission product model and summarizes total
capability of the ATR-4 code.

Describes ATR-4,1 with energy-dependent air/ground
correction factors. Work supported by BRL.



o Delayed Gamma Ray Model!
- Source
- Transport
0 User Features
- Air density/humidity Input
- Fluence-to-dose conversion factors

In addition the revised version of ATR, which
should be referred to as ATRS, has been exten-
sively tested against dose measurements mace
on a number of atmospheric tests carried out in
Nevada and the Pacific. '

1.1 UNIFORM AIR TRANSPORT DATA.

The modaeis of neutron and gamma-ray transport
in uniform, dry air, implemented in ATR, through
version 4.1, are based on calculations using
one-dimensional discrete ordinates methodology
with Syg quadrature and multigroup coupled
cross sections compo3sed of 22 neutron and 18
gamma-ray groups with a P43 Legendre polynomi-
nal scattering approximation. Such calculational
imitations are typical of those necessitated by
available computer and data resources at the
outset of ATR development. Now, more than a
decade later, modern avaluated cross sections
can be used in one-dimensional calculations hav-
ing an Syo quadrature. a 174 neutron - 38 gamma
ray group cross section set and a Legendre scat-
tering approximation as high as Py. Data calcu-
lated using such methodology are coplotted witi
those from ATR4/4.1 for neutron, secondary
yamma ray and prompt gamma ray kerma from
a fission weapon source in Figures 1, 2 and 3,
raspectively. The data for transport through dry
air vary between ATR4 and newar methoc's ditfer
by twenty percent or more, depending on dis-
tance. More importantly, significant variations
occur when moisture is added to the atmo-
sphere, particularly for nautron kerma. There-
fore, the first task in the program descnbed
herein is 10 produce & new uniform air data sat
for transport from neutron and gamma-ray
sources and to parameterize those data for inclu-
yion in ATR. The second task is 10 develop a data
sat of radiation transport in air of various moisture
contants on which to base a madel of air humidity
eftects on frae field dose and to implement that
modet in ATR,

1.2 AIR-GROUND
CORRECT!ON.

INTERFACE TRANSPCRT

ATR versions 3 and 4 contain models for the per-
turbation of spatial duse distributions near the
air-ground interface based on two-dimensional
discrete ordinate calcuiations using fission and
fusion sources having heights extending to 300
meters. The useful horizontal distance limit of
those data is 1500 m. The simple four-element
ground used in those calculations lacks the trace
elements necessary to accurately depict the sec-
ondary gamma-ray environment, particularly at
short distances, as shown in Figure 4.

ATR4.1 contains an air/ground perturbation mod-
el based on adjoint two-dimensional discrete or-
dinates calculations, which provide the import-
ance of each source particle enerQy group (dose
per source neutron or gamma ray} for producing
tree field dose one meter above tha ground. The
useful limits of these calculations are approxi-
mately 1000 meters source height and 1200 me-
ters horizontal distance. These calculations were
performed for a mean Western European soil
containing virtually alt trace elements of interest,
but with an abnormaily low moisture content. The
result was a set of fully source energy-differential
air-ground correction factors ‘or ATR4.1, but
ones which resuited in the overprediction of neu-
tron dose and under prediction of secondary
gamma-ray dose, as shown in Figures 5 and 8.
respectively,

The third task in the present program 18 to devei-
op and implement a set of air-ground interface
dose correction factors based on a contempo-
rary adjoint, two-dimensinnal discrete nrdinates
calculation which incorporates a 240 angle quad-
rature, a 37 neutron - 21 gamma-ray group cross
saction set with Py Legendre scatterng. ex-
tended spatial limits (1000 m verticat 2000 m hor-

izontal) and mean. moist Western European soil.

1.3 DELAYED GAMMA-RAY TRANSPORT.

The delayed (fission product) gamma-ray mode!
implemented in ATR4/4.1 i3 an appendage having
its own transport data set, rather than heing fully
integ. ated o ATR, using the samae transport
data sets as the prompt radiation component.
Thus, ATR4/4.1 does not display a totai inital
gamma-ray dose, but rather a total comprised
of prompt and secandary gamma rays and a sap-
arate tabuiation of delayed gamma-ray dose,
which must be combined by hand to obtain the
true total. In addition to this inconvenience, the
dose csiculated using the ATR4/4.1 deiayed
gamma-ray model does not agres well with test
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Yigure 5. Neutron kerma from a fission source at 100 meters
burst height, ATR4.1 and ATRS.
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Figure 8. Secondary gamsa ray kerma from a fission source at
100 meters burst height, ATR4.1 and ATRS. o




measurements, as will be described later.

Task tour of tha presant effort is to revise tne
delayed radiaton model, fully integrating it intc
the ATR structure, to enabtie it to calcuiate dose
frem tission products of the three mamn fssi'e a-e-
ments, 1J-235, J-238 and Py-233 ang o
resulting mode! ajjainst reievant weapon test 1a:a
and results of other caiculational models.

teqltre

1.4 USER FEATURES.

In addition tn the obvious need to include provi-
sion for inout of atmospheric moistura content
and weapon tissile components associated with
each weapon yield fractior, as required by the
ATR modifications described above, a fifth task
of this program is to improve iNput commanas
and other user fsaturas of the code, such as the
fluence-to-dose convarsion factor ibrary, Spac-
ically, the input commands are to be modified to
include direct specifications of mean air density
between source and detector location.

1.5 TECHNICAL APPROACH.

The approach to accomplishing Dravious revi-
sions of ATR was to maintain a campiets Msiory
of the evolution of ATR unbedded n the code -
seit, 1.8.. 10 make tha code capabia of raproduc-
ing resuits from all previous versions of the code
as weil as that from the currant vers.on for a given
problem. That was achiavad sithar by overlaying
corraction factors upon existing modeais nr by
simnly ratanming both the new and oid rmniels or
data sets within the code. The overiay or additive
moditication approach was usad prmariy be-
cause it was ‘cund 10 ba Anvier 10 paramaenze
corractions to the ax13ting riata base than 1o parn-
metenze a data basa starting from scratch Fur-
thar, mantenance of previnus .arsiors of the

cod», considered necassary for the sake of con-
sistency and historical perspective. was implicit
in thet approach.

~htar three overlaid revisinng to ATR i1 was de-
C = that the previgus approach »ad eached a
oot oot rerms of
e coagact moeifie-
catons 1o ATR are based on calco atonal results
derived from much higher quaiity cross section
representations and sophisticated application of
rachation transport calculation methods than
ncse avadabtle in the nast. in adagition. parame-
ter:zation of the new data can be accomplishad
vsing approaches not tried 0 the or:iginai modsl.
Theretfora. the phicsophy of retention of histori-
cal data in ATR has been abandoned in favor of
simply replacing the pregsent dats sets with rew
ores. The command structure cf ATR has been
retairad with a minimum of mod:f.caticns in order
to make ATR ravision as trarsparent 10 the user
as possible. The programming style has been
kept to a level common to most computers, re-
taining the maching-independent quality of the
code. The reiease of the revised version of the
code. known as ATRS, ‘9 being held in abeyance
panding an additional modtcaton to provide
raalistic enargy- and ang'a-aiffarannal Huance at
the arr-ground interface ~na f:nal tasting. Releaso
1§ expected during calendar year 1988,

gMimshing retyrng Nt o

Coo e Aty andd pracis

The remainder of ttus report dascribes {Saction
2) the superhcia! modifications 1o ATR, including
revised nput commands, enargy group archiac-
ture, antarnal source spectira. and fluence-
to-dose convarsion factors, (Saction 3) the
revisad ATR uniform arr trar sport data base,
(Saction 4) tha revisad ATR air ground ntercface
parturbation modal. and (Sacticn 5) the ravised
ATR dantayed gamma-ra, madet. ncluding tests
of that modal AgAINSt - Havant waanon tast data.




SECTION 2
ATR INPUT FCRMAT AND DEFAULT MODIFICATIONS

T3 secton describes e maor supersc.al
rarges radae o tha ATR fode a5 a3 resLit o e

TRESETL DIOGTRM, Trese rouce

~

¢ rput Commanas
- Meteoroicgical Cata
- Fizsie Materal Specif:ication
c Snergy Group Architecture
o irternal Source Spectrum
o Fluance-to-Dose Conversinn Factors
2.1 METEORCLOGICAL DATA INPUT.

Tra specihcatcn of atmosorenc congitions in
ATR ras been modifed 10 orovige for cirect input
of tng mean dansity between source and detecior
and for tha inputl of atMmoschenc Toisture con-
te~t. Brevicusiv, the ar ders'ty used n ATR zal-
Cooatcns was specit.ed by OCatng tne scurce
A7 O818CION within 8N Al IsCresC gensity oro-

2 nased on the .S, Stancard Atmosprers ‘ory
a.ti. That was 8CCO Nprshec Dy spect yng ground
& a2./3%.00 r8iALve 10 564 avei and Sourcs and ce-
tactor Feght raiative 1o 1he ground. in princigie,

an ATR user could obtain the cosired average air
cers:sty Oy tr:al and error tmroLgn the vanaton of
e gf'_hjfd Savaton, Dt ne grorecure was
curoersorme. 1o aldevale ts probiem and o
make ATR more tiexible n apohcation, two modi-
fications have been mace 0 !he code. First,
whi@ the standard atmospheric density profiie
has been retained with:n ATR, allowing atmo-
sphernic concitions 10 be compietaly spec:fied by
the input of source height. detector height and
ground slevation, those aimosphernc specifira-
tions ~an be overridden through the use of a new
comenand card. "MET. Second. the spacification
of atmosphernic conditions thought the use of the
*MET command can now include moisture con-
‘ert. The objective of this mocification i5 to per-
1t the ATR user tospecity a set of mateorotogical
parametars to obtan a mean air density and
maosture content which exactly corresponds to a
prebiem of interest.

Tre format of the input command 1s:
“MET() Va'ues
whrare the index | determings the meaning of the

secuance of val.es {otiowiny the parenthes:s. as
fcrows:

retes Value VAU value
B - —_ s ~d_
! Inmroe styre Prassirm *laiatve Humujz(y
2 Temperature Prossure Dew Point Temperature
3 Ganmty of Moqr A Nt % of Watme Not Used
4 Doty of Mot A Corsity of ‘Water Vapor Mot Used
5 Doneity of Ory Ax Wt % of Water Not Used
] Dansdy of Dey A (Carsity of Water Vapor Not Used




As with past ATR commands, the values may be
sntered in free format separated oniy by a space.
Units of input values asre restricted to:

Temperature: Degrees Centigrage (°C)
Praggurae: Milhbars (mb)

Ralative Humidity: Percent (%)

Density: Grams per cubic centimeter (Q.CC)

it a *MEFT command is not used, ATR automaticai-
v determines the average air density between
sSource and detector Iocations 88 N DreVIOUS ver-
s:ons of ATR. Aiso, the moisture content of the
air is set 10 a defauit value of 0 () percent:gens.ty
(dry air).

Exampies of 'MET input commands are as fol-
lows:

Exampie 1. "MET(1) 1.0 9700 80.0
Represents atmosphere having a temperatura 10

C. abarometnc presswre of 370 mb and a rela-
tive humidity of 80%.

Example 2. "MET(4) 1 1889€-3 7 507E-8
Represents an atmosphere having a total (moret}
ar gensity of 1 889 ' 10°3 g/cc and a water vapor
density of 7.507 * 108 g/cc and 18 the equivaiant
of that atmosphere specified in Exariple !

Some useful relatonships Detweaean the varous
atmosphernc parameters Are provided below RJg
may be ronsidered typical of a range of condi-
tionse 10 ha found at an sievation of 1 km abovo
a8 lavel

Mot A

Ceansity Wit

(L) Pumb) BHT g.und  Mater

30 899 50 1 024E-3 v 47
?5 899 50 1 044F 4 1V 10
70 899 50 1 060€E-3 0812

15 899 50 1.08)E-3 059)

10 99 50 1103E 3 0 427
5 399 %0 1.124€-1 030}
0 B9 50 11458 3 0 212

Tha equations .ncorporated in ATR !or the calcu-
lation of atmosphernic density components arg
proviged in Acpendix B of this rapo: .

when a "MET command 1s encountered in ATR,
the Coda caicu'ates a rnew ¢round e| tion anc
cvernias  any  Othes  spect »d 7 hugnh the
CSRCUND command. 8 rea ) ST
§ sracted such th. 18 maar A« ransty toire-
sponds to that midwey between source and de-
tector. This 1s done 10 insure tha! a reahstic
atmosphenc  Jdensity profde ewsis boatween
source and detector. The existence of uch a
prctia s important, because the cdansity at the
source location is used m ATR ta calculate the
fir@oall radius, which 8 pertinent to delayed radi-
ation intensity.

=3y 300N

The revised ground elevation s calculaied
using the exprassion:

20’.‘("38&!!“(’\/‘\0))"0‘-(2”
2g)/2

()
whe’e

Z45 '8 118 ground eevation Above $86 K-vel in
merers

p 18 the nean av cenaty (Q CC)

o 'S the sea levei air denaity (1.225€-03
g c¢)

Zq '8 the source heght above the ground in
maters

24 '% the datectyr hegh! above the ground
N Mmeters

Oround levels calculated yaing (s axpression
(O AYPONT 10 ADDICKHHIALG miavAIONY . AY SOACH
tievd by the 1) S Standard Atmaosphare, within 8
tow porcant (or source-datactng maan alavations
above saa level to S000 metars . Inpiut combiuna.
tons of source and datactor heghts and mean
A dansiting whicCh rasult «n groynd alevations he-
Inw sua lavel are not Allowad Hayond 10,000 me-
tars the accuracy of thit axprassiin 1 worse than
A law percont, but that s not sigmficant 0 relation
10 18 yse M ATA, which 18 ta detarmine whether
the firabail touches tha goaund

2.2 FISSILE MATERIAL SPECIFICATION.

Haction 5 of 1 report deascrihas revisions made
in the ATR dainyad redintion madal Farmaerty . all

o

e R L A, I T



fission product radie-ion was basad on photon
amssion from the fission products of a singie fis-
sile materia! U-225. However, as will be de-
scribeg later in this report, the model ras been
ravisedt 1o accommodale delayed nhoion emis-
sion from the figsion penducts of three fissde ma-
tenais, U-235, U-238, 2nc Pu-22Y9. The inclusion
of such getal g important because. over much
of the tme regime of interest 1o smtial radehion,
ihe nhoten energy emission ratd of U-238 is
doubte that of U-235, which in tu.n is twanty-five
percant mory than that of Pu-239.

The guantity require for spec'fying the contribu-
tion of each nuchde to the delaysd gamma-ray
iree fiexd is the yield or the ifracticn of the total
yisid due to the fission of each nuclide. The com-
mand used !IG accompiish tha input of thess
quantities is the 'FP command. Fremrerly, speci-
tication of the fission proguct SOurce roquire up
to twO input statsments:

*FP-Y vaiue,

which specified the tote/ yielo vews, in kilotons,
wnd

FP.F value,

which speciied the fraction of the total yieid due
10 fission, in the event the "FP.F ccrmand was
ormitted a value of 1.0 was adeptad 3 the default
value.

As .evisad, a thrd 'FP inp | commnnd has been
incluyded, as follows:

‘FP-I values,

which spec-tins the raspactve fractions of the his-
v.on yield due to t)-235, U- 2.8 ana Pu- 239 hanion,
'N THAT ORDER. Ormasion of the "FP-Lromnmand
raruits 0 1J-235 fission by detautt. Fxampias ot
ravisced hasion product source nput commands
are ae loliowsy’

Example 1, ‘FP.Y 21

FPF I D0

‘FPIOOQOC200R

Haprasents 8 total weapon yield of 21 k1, 100%
ol which raequits from tiason, 20% U-238 and

80% Py-219.

“FP-¥ 1000

‘FP-F 0.70

‘FP-t0.05G.3500

Represents a ictal weanor: yield of 1000 kt (one
megaton} of which 70% is produced by fission,
5% from 1J)-235 and 35% from U-238.

Example 2.

As stated eardier. this ravisian of ATR has inte-
grated the deiayed radiaion computation inte the
code. Thus, delayed radiation Cose 8 Now in-
ciuded sutomatically as all or part of the output
resulting from the following commands:

"DOKE/FR!

which specifies ‘he fission product dose ver-
sus running geometry coordinate

*DOSE/GG/

which specifies the total gamma ray dose
versus running geometry coordinate.

‘DOSENT/

which specitios the ntzl neutron pius gam-
ma-ray dosa | srsus runminn geomeliry coor-
dinate.

Howaver, 88 of this time the *PRINT and *WRITE
command have not been modified to include tis-
$10n product gamma ray output. The prirmary rea-
son for this is that full incorporstion of that
component would require calcuiation of time-in-
tegral, angle-differental flux. This cannot be
readity accomnplished in the ona-dimensional ‘or-
mat commaon to the othee radiation components
because the lisei)n product souUrce aoes not re-
main fixed at e ungnal burst location but rather
r1s@s wit'y the ascending firabail incorporation of
fission praduct gamma rays into the " PRINT and
TWRITE commands is axnacted to occur when
ATR s modhad to produce fluence data in a
twor-damansgionst format. That modihication 18 part
of the ongoing pragram to modify ATR to account
tor enargy- and angle ddfarental fluence pertur-
batons at the air.ground intsrface. a8 mentioned
e wviousty

2.1 ENERGY GROUP ARCHITECTURE.

The energy boundarias of the multigroup neutron
and gamma-cay fluanca modaeied in ATR have
been changed. aithaugh the 22 neutron - 18 gam.
MR-ty group format has bean retainad . The new
groun structyre 19 the companble with ail major
C1 098 4CHON sats sNONSOrac by the Defense Nu-
cimar Agency. Those include the ONA Few-Group




Cross Saction Set (DLC-31) (Ret.4), the revised
DNA  Few-Group set now being tested
{DLC-130) (Ref 51}, and Vitamin E Ret. 60). The
new ATR enerygy bounds frr neutrons and gamma
rays arna provided n Tables 2 and 3. respactiveiy
along with those of CLC-31 ard CULC-130 Ncre
nateha TP MOS GaMmma ray erery FI0LE DO
30y N tte ev.s80 ATH LS 12 Ve, wrers as trat
5t TLC 98 14 MaV. That changs was made 1o
provide a more reaibstuc ditferental spectrum
(photons. MeV) in the highest energy gamma ray
wroup, sINce the highest energy gamma ray tC
be ancountared o ar-ground transport 18 that cf
10.8 MaV, produced by neutron capture in niro-
gen.

2.4 INTERNAL SOURCE SPECTRA.

The source spectra traditionally contained in ATR,
unclassified figsicn and thermonuciear weapon
rautron spectra originally deveicpoed by W Big-
gers »f Los Alamns Nat.onal Laboratory. and the
geanenc prompt gamma-ray sSource spectrum
have been regrouped INto tha new energy bounds
described above. Those sources, access:ble in
ATR through the *Z-SOURCE command. are pro-
sdad in Tanies 4 ana 5 for neutrons and gamma
rays, respechively.

2.5 FLUENCE-TO-DOSE CONVERSION
FACTORS.

The most i yuently used portion of the output
from an ATR calcuiation 1y that which provides to-
tat doka, varma, or 8 aimilar integral quant:ty as
a function of range. New Huance-10-dose conver -
3:0n tactors have bean ncorporated in ATR in an
aifnry to more compienraly satisfy iverae uaer
neacs.

Tatbing 8 and 7 list t(hre revised ATR iy
anca-to-dnee conversion (ACtors tor reutrons
and Qamma cays raspactivaly £/ anarQy groun
Thoaw conversion tacto: s and ther ongin are o'e
scrihed i datsil in Appeanduces O oand [ of e
nport, hoat summanas of which are proviced
b sow.

0 AMSIStandard Dose - For tha (aicutation
cf Human Dose Equivatent. 1+ & . quah
1 AClor-weighted o 88  Theea valure
nra reigvant to radiation protection and
riak of 1ong term iiinese. such A% ancar,
from radiation arposure Hoese oo alent
has NoO known ralevance 1o nadly alindty,
such ag proddromal 4ynC. ome o anrly
mortakity .

o Scft Tissue Kerma - Kinetic encrgy of
charged particles releasad n soft issue
by iomzing radiaticn. This quantity 1s used
10 caicuiate frea Yig'd tissuae J0se and re-
ptaces both the scft tesue <erma and
~anderson 49cse Con-ersict raciors N
De2voUS A RISIINS OF ATR Tra ~andarson
ine| nonversion facl. s wag sy that
ne A tour glament Lssua madar Tow (on-
= dered obsoleta.

o Mia-head and Mid-phantor Dose - Flu-
ance-to-soft tissue dose conversion fac-
torg  which  incluga  the  effect  of
trransmission nto the mid-nead  and
mid-torsc locations in a 70 kg anthropo-
morphic phantom.

o Concreta Kerma - Kinetic energy of
charged particles relac .ad n concrate by
0MZING radiation.

o Dry Air Kerma - Kinetic enerqy of charged
particles released in dry air by ioMiziNg ra-
aiation. Dry Air Katma ¢ urds of rads
may be converted to urits of recentgens
by dividing the rad vaiues by 1) 37

0 Non-lormzing Siicon Kerm:a - Kinetic anar-
Qy released :n siicon Crystal by nautrons
which 18 Associated with ~rystaitine struc-
ture chanjas rathar than craatnn of free
slectrons.

~ 1 MaV Equivalent Damage Fiuence - The
flumnce of 1 MaeVv nautron tas! raactor
‘apxaga nautrong, having A Maan anargy
Waporoamately 1 MaV) requeired 1o pro-
duce the sams amount of non-wnizing
shocon Kerma-raiatad damage

o lomzing Sdicon Karma Kinahe anarcy (A
lnaenc i shenn crystal by nautrons and
gamma rays in tha torm ot alactinn hole
LA}

The "UOSE command wilf cause ATR ta calculsate
and (haplay values for all the above dose quant-
timg  In Ladtion the "FLUXWT Command aliows
the yeer 1o roovide up 10 S anty nf coctibional Ha
roce to dosa conversion factons as onnad ta AR
Tha ‘a1 sat of tluance-to-dose (actars antacad
i the ravised ATR vig the ‘FLUAMWT command
will produce integral valuas dapiayed as pac of




Table 2. ATR detector energy group boundaries for neutrons (MeV) with
DLC-31 and DLC-130 group boundaries for comparison.
ATRS DLC-31 DLC-130
Lower Upper Lower Upper Lower Upper
Group Energy Energy Group Energy Energy Group Energy Energy
1.00(-11) - 4.14(-07) 1. 1.00(-11) - 4.14(-07 1. 1.00(-11) - 4.14(-07
4.14(-07) - 1.13(-08 2. 4.14(-07) - 1.13(-06 2. 4.14(-07) - 1.13(-06
1.13(-06) ~ 3.06(-06 3. 1.13(-06) - 3.06(-06 3. 1.13(-08) - 3.06(-06
3.06(-08) - 1.07(-05 4. 3.06(-08) - 1.07(-05 4. 3.06(-06) - 1.07(-05
1.07(-05) - 2.90(-05 5. 1.07(-05) - 2.90(-05 5. 1.07(-05) - 2.90(-05
2.90(-05) - 1.01(-04 8. 2.90(-05) -~ 1.01(-04 6. 2.90(-05) - 1.01(-04
1.01(-04) - 1.23(-03 7. 1.01(-04) - 5.83(-03 7. 1.01(-04) - 2.75(-03
8. 2.75(-03) - 5.83(-03
8. 5.83(-03) - 1.23(-03 9. 5.83(-03) - 1.23(-03
1.23(-03) - 2.19(-02) 9. 1.23(-03) - 3.35(-03) 10. 1.23(-03) - 3.35(-03
10. 3.35(-03) - 1.03(-02) 11. 3.35(-03) - 1.03(-02
11. 1.03(-02) - 2.19(-02) 12. 1.03(-02) - 2.19(-02
2.19(-02) - 1.11(-01) 12. 2.19(-02) - 2.48(-02) 13. 2.19(-02) - 2.48(-02
13. 2.48(-02) - 5.25(-02) 14. 2.48(-02) - 3.43(-02
15. 3.43(-02) - 5.25(-02
14. 5.25(-02) - 1.11(-01) 18. 5.25(-02) - 1.11(-01
1.11{-013 - 1.58 -Olg 15. 1.11(-01) - 1.58(-01) 17. 1.11(-01) - 1.58(-01
1.58(-01) - 5.50(-01) 18. 1.58(-01) - 5.50(-01) 18. 1.58(-01) - 2.47(-01
19. 2.47(-01) - 3.68(-01
20. 3.68(-01) - 5.50(-01
5.50(-01) - 1.11(+00) 17. 5.50(-01) - 1.11(+00) 21. 5.50(-01) - 8.39(-01
22. 8.39(-01) - 7.43(-01
23. 7.43(-01) - 8.21(-01
24, 8.21(-01) - 9.62(-01
25. 9.62(-01) - 1.11(+00
1.11(+00) - 1.83(+00) 18. 1.11(+00) - 1.83(+00) 26. 1.11(+00) - 1.42(+00
27. 1.42(+00) - 1.83(+00
1.83 +00; - 2.31§+00 19. 1.83(+00) - 2.31(+00) 28. 1.83(+00) - 2.31(+00
2.31(+00) - 3.01(+00) 20. 2.31(+00) - 2.39(+00) 30. 2.31(+00) - 2.39(+00
21. 2.39(+00) - 3.01(+00) 31. 2.39(+00) - 3.01(+00
3.01 +00; - 4.07E+OO 22. 3.01(+00) - 4.07(+00) 32. 3.01(+00) -~ 4.07(+00
4.07(+00) - 4.97(+00) 23. 4.07(+00) - 4.72(+00) 33. 4.07(+00) - 4.72(+00
24. 4.72(+00) - 4.97(+00) 34. 4.72(+00) - 4.97(+00
4.97 +00; - 6.382+00 25. 4.97(+00) - 6.38(+00) 35. 4.97(+00) - 6.38(+00
8.38(+00) - 8.19(+00) 26. 6.38(+00) - 7.41(+00) 38. 6.38( 70) - 7.41(+00
27. 7.41(+00) - 8.19(+00) 37. 7.41(+W)) - 8.19(+00
8.19(+00) - 1.00(+01) 28. 8.19(+00) - 9.05(+00) 37. 8.16(+00) - 9.05(+00
29. 9.05(+00) - 1.00(+01) 38. 9.05(+00) - 1.00(+01
1.00(+01) - 1.22(+01) 30. 1.00(+C1) - 1.11(+01) 39. 1.00(+01) - 1.11(+01
31. 1.11(+01) - 1.22(+01) 40. 1.11(+01) - 1.22(+01
1.22(+01) - 1.49(+01) 32. 1.22(+01) -~ 1.28(+01) 41. 1.22(+01) - 1.25(+01
33. 1.28(+01) -~ 1.38(+01) 42. 1.25(+01) - 1.38(+01
34. 1.38(+01) - 1.42(+01) 43. 1.38(+01) - 1.42(+01
35. 1.42(+01) -~ 1.49(+01) 44. 1.42(+01) - 1.49(+01
36. 1.49(+01) ~ 1.69(+01) 45. 1.49(+01) - 1.69(+01
37. 1.69(+01) - 1.968(+01) 48. 1.69(+01) - 1.96(+01
18
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ATR source and detector energy group boundaries for prompt
gamma rays, and detector energy group boundaries for secondary
gamma rays (MeV) with DLC-31 and DLC-130 group boundaries for

Table 3.
comparison.
ATR DLC-31
Lower Upper Lower
Group Energy Energy Group Energy
1. 1.00(-02) - 4.50(-02) 1. 1.00(-02) -
2. 2.00(-02) -
3. 3.00(-02) -
2. 4.50(-02) - 1.00(-01) 4. 4.50(-02) -
5. 7.00(-02) -
3. 1.00(-01) - 1.50(-01) 8. 1.00(-01) -
4. 1.50(-01) - 3.00(-01 7. 1.50(-01) -
5. 3.00(-01) - 4.50(-01 8. 3.00(-01) -
8. 4.50(-01) - 7.00(-01 9. 4.50(-01) -
7. 7.00(-01; - 1.00(+00) 10. 7.00(-01) -
8. 1.00(+00) - 1.50(+00) 11. 1.00(+00) -
9. 1.50(+00) - 2.00(+00) 12. 1.50(+00) -
10. 2.00(+00) - 2.50(+00) 13. 2.00(+00) -
11. 2.50(+00) - 3.00(+00) 14. 2.50(+00) -
12. 3.00(+00) - 4.00(+00) 15. 3.00(+00) -
13. 4.00(+00) - 5.00(+00) 16. 4.00(+00) -
14. 5.00(+00) - 6.00,+00) 17. 5.00(+00) -
15. 6.00(+00) - 7.00(+00) 18. 8.00(+00) -
18. 7.00(+00) - 8.00(+00) 19. 7.00(+00) -
17. 8.00(+00) - 1.00(+01) 20. 8.00(+00) -
18. 1.00(+01) - 1.20(+01) 21. 1.00(+01) -

Upper
Energy

2.00(-02
3.00(-02
~-\J&
-02
-01
-01
-01
-01
-01
+00
+00
+00
+00
+00
+00
+00
+00
+00
+00
+01
+01

TURNOINA QRN N W N
SRBBSBESLEIEIRELSLEISE

Croup Energy

© 00 ~J B U Wb LI N

eta I L R Y] S CETORN I R R I XY L

DLC-130
Lower Upper
Energy
.00(-02) - 2.00(-02
.00(-02) - 3.00(-02
00(-02) - 4.50(-02
50(-02) - 7.00(-02
00(-02}) ~ 1.00(-01
00(-01) - 1.50(-01
.50(-01) - 3.00(-01
.00(-01) - 4.50(-01
.50(-01) - 7.00(-01
.00(-01) - 1.00(+00
00(+00) -~ 1.50(+00
.50(+00) - 2.00(+00
.00(+00) - 2.50(+00
50(+00) - 3.00(+00
00(+00) - 4.00(+00
00(+00) - 5.00(+00
00(+00) - 8.00(+00
00(+00) - 7.00(+00
00(+00) - 8.00(+00
.00(+00) - 1.00(+01
.00(+01) - 1.20(+01
20(+01) - 1.40(+01
.40(+01) - 2.00(+01




Table 4.

Energy distributions for ATRS neutron sources.

Fission Weapon Thermonuclear
Energy Boundaries +N-SOURCE(1) *N-SOURCE(2)
Group (MeV) (Fraction in Group) (Fraction in Group)

1 1.07(-5) - 2.90(-5) 0.0 0.0

2 2.90(-5) - 1.01(-4) 0.0 0.00200

3 1.01(-4) - 1.23(-3) 0.0 0.05719

4 1.23(-3) - 2.19(-2) 0.01649 0.34417

5 2.19(-2) - 1.11(-1) 0.20617 0.10964

8 0.111 - 0.158 0.01799 0.01142

7 0.138 - 0.5%0 0.15129 0.09058

8 0.550 - 1.11 0.21587 0.08500

9 1.11 - 1.83 0.14878 0.08200

10 1.83 - 2.31 0.10173 0.02592

11 2.31 - 3.01 0.03871 0.02608

12 3.01 - 4.07 0.05480 0.02600
13 4.07 - 4.97 0.01177 0.01700

14 4.97 - 8.38 0.01832 0.01800

15 6.38 - 8.19 0.01274 0.01470

18 8.19 - 10.0 0.00734 0.01410

17 10.0 - 12.2 0.0 0.02560

18 12.2 - 15.0 0.0 0.07060
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fission gamma-ray source.

Energy Boundaries

Table 5. Energy distribution for the ATRS prompt

Prompt Fission
*G-SOURCE(1)

Group (MeV) (Fraction in Group)
1 0.01 - 0.045 0.03259
2 0.045 - 0.10 0.01644
” 3 0.10 - 0.15 0.04881
4 0.15 - 0.30 0.10321
5 0.30 - 0.45 0.13571
8 0.45 - 0.70 0.20256
7 0.70 - 1.00 0.16332
: 8 1.0 - 1.5 0.14073
9 1.5 - 2.0 0.06429
’ 10 2.0 - 2.5 0.03743
11 2.5 - 3.0 0.02225
12 3.0 - 4.0 0.02109
13 4.0 - 5.0 0.00748
14 5.0 - 8.0 0.00265
15 8.0 - 7.0 0.00092
16 7.0 - 8.0 0.00038
17 8.0 - 10.0 0.00016
18 10.0 - 12.0 0.0




(00+)v222°2 (60-)0L18°% (60-)€010°1 (T1-)Spoe"¢ (60-)Tsv2°2 (60-)1120°2 (60-)898L7€ (62-)¢2¢9°9 (80-)£9t5°G (10+)6y°1 22
(00+)€021°2 (60-)569¥°y (01-)8921°6 (11-)€00°L (60-)9219°1 (60-)9599°t (60-)¥s585°¢ (60-)£951°9 (s0-)zovs"y (10+)22°1 12
(oo+)e826°1 (60-)0020°% (01-)06€1"L (11-)6L£5°9 (60-)TL21°1 (60-)6452°1 (60-)o1v@ 2 (60-)0/89°G (80-)see0"y (10+)00°1 02
(00+)1600°2 (60-)v0£S°c  (01-)8650°% (11-)96€9°9 (01-)285L°6 (60-)1000°1 (60-)8565°2 (60-)s2s2°s (g0-)etol"y (00+)61°8 61
(oo+)i£v0°2  (60-)0L10°¢ (01-)996%°1 (11-)2v5L°9 (01-)99vv°6 (01-)5980°¢ (60-)0s2e"2 (60-)s0ts"y (80-)1952°% (00+)8E°9 81
{00+)eL64°1  (60-)8916°2 (11-)1£95°8 (1i-}pi08°s (60-)66£41°1 {01-)¥%96°S (60-)292L°1 (60-)19i%°v (80-)000Z°% (00+)i6°¥ (!
(oo+)2o1v t (60-)00¥0°2 (11-)9968°S (T1-)z0£9°y (60-)4880°1 (o1-)Zose"s (e0-)ozer't (60-)e22z'y (e0-)e1i8°c (00+)L0°¢ 91
{00+)2998°1 (60-)1£58°T (11-)9169°9 (11-)ef91°9 {(o01-)ozst"s (o01-)v0s1°€ (60-)0650°1T (60-)29¥S°t .(80-)¥555°¢ (00+)10°C  S1
(00+)2s5s°1 (60-)0852°1 (11-)0680°S (11-)96£1°s (O1-)esey e (ot-)e2vl’c (o1-)ooty8 (60-)1212°c ({80-)e81S"€ (00+4)}1€72 ¥1
(10-)9vea8  (01-)0894°6 {11-)s6¥5°2 (11-)4616°2 (01-)2e16°2 (01-)e9¢8°2 (01-)09eL°S (60-)€S/L°2 (80-)v66S°E  (00+)ee’t €1
(10-)2126°8 (0t-)or8"y (T1-)¢€€0°Z (T1-)€8¥6°2 (01-)99:9°t (01-)99vz"z (01-}oozo’¢ (60-)2e0t°z (g0-)soez’e (oo+)1r"t 21
(10-)164579 (ot-)ovie"2 (11-)ew8I"1 A.m-vcmNﬁ.N (11-)96€£2°6 (o1-)2r1e°1 (01-)0s81°2 (60-)680e"1 (20-)0189°V (10-)Os°S 11
(20-)zs11°v (o01-)ossz z (ct1-)ove6°s (21-Joroe t (11-)s9cw'vy (11-)2v0°9 (01-)0099°1 {(o1-)sv90'e (60-)vIw8"z ({10-)BS°U O
(20-)1942°% (01-)ee98"1 {€1-)sept’s (21-)2cp°1 (11-)1692°2 (11-}2goc e {o1-)9sse”t (o1-)ec2z'y (60-}ogre"e (10-)IU°L 6
(£0-)9sep”¢ (01-)£129°T (¥1-)s281°9 (g1-)osse 2z (21-)L1se°s (21-)6pw8”y (O1-12Iyy" 1 (T1-)S611°L (60-)s2et"1 (20-)61°Zz ®
(v0-)$250°9  {01-)069¢°T (SsI-)s10Z°¢ (#1-)2000°2 (21-)28v9°5 (€U-)v6v0"y (T11-)9y9e76 (21-)2186°y {60-)wEl°1 (€0-)E2°1
(s0-)e116°8 (01-)0008°T (91-)8098°9 (ST-)ose6°2 (11-)9s0£°1 (€1-)es2e°1 (11-)00¥8°6 (21-)8CR0"T (60-)S661°1 (¥0-)10°V 9
($0-)€010°1 (01-)00££°1 (91-)5068°¢ (s1-)gsee e (11-)ozez z (€1-)osso"v (o01-)otgo"z (21-}90cot (60-)BZEEU (50-)06°2 S
(v0-)1€1p° T (01-)0126°T (S1-)p6L2°1 (S1-)10£9°v (11-)6800°y ({€1-)56€0°1 (o1-)ovey U (2T-)oSsv i (60-)0c22°1 (SO-)10°1 v
(vo~)obpy 2 (11-)0120°6 (S51-)6682°Z (S1-)160°8 (11-)ew66°9 (€1-)2260°v (01-)0s80°1 (21-)119s°2 (60-)i8eet (90-)90°¢ ¢
(v0-)c022 ¢ (00-)099€°T (51-)86/6°€ (¥l-)iv6e°1 (O1-)1€S1°1 (et-)e602°1 (1i-)ogso’s (21-)evls e (60-)0022°1 (90-)et't1 2
(£0-)2185°1 (11-)0S¥5°9 (wi-)2vey T (v1-)2zzz's (o1-)gose"w (€1-)z2ztz (11-)0992°9 (11-)696v°1 (01-)2614°8 (10-)vi"y 1
adxuany § PeaH-PIN uod s oI IS J1y 9334JU0) wOJURYY anssig m!&&q m»QIv m‘?uuw
juajeanby bupzjuog Bbujzuog Kag ~-pIN 1306 pJepueis Abadu3
ARWIT -uoN SNY Jaddp
" ((zwo/u) /pr1)
suo.JIqnau LOM nhSUd.« :O~.m.~0>c00 UmOﬁIOOIOU:o:Tm .@ Uﬁad.m.

19




(60-)6ve2"2  (60-)9590°¢ (60-)€95¥°2  (60-)9958°2  (60-)9801°2 (60-)2lcL°z  (60-)6sv8°2  (10+)02°1
(60-)vs28° 1 (60-)(v2s"z (60-)10£1°2  (60-)628¢°2  (60-)8S2(°T  (60-)1sv€°2  (60-)c628°2  (10+4)00°1
(60-)¢1es' 1 (60-)8eS1°2 (60-)€868°1  (60-)82%0°2  (60-)10£6°1  (60-)9190°Z  (60-)9921°2  (00+)00°8
(60-)0216°1  (60-)£598°F (60-)¥¥¥9°1  (60-)£508°1  (60-)€69¢°1  (60-)96¥8°1  (60-)6126°1  (00+)00°¢
(60-)2e6€°1  (60-)0€29°1 (60-)158¥"1  (60-)€945°1  (60-)8IST 1  (50-)S¥¥9°1  (60-)2v1L°1  (00+)00°9
(60-)9020°1  (60-)Tvse"t (60-)ec62°1  (60-)S8YE"T  (60-)5920°1  (60-)2se¥°1  (60-)7005°1  (004)00°S
(ot-)6cte’6  (60-)8s21°T (60-)9160°1  (60-)18TL°T  (01-)£589°6 (60-)2512°%  (60-)¢8.2°1  (00+)00"¥
(01-)6v96°¢  (ot1-)eews’6 (01-)6959°6  (01-)otiv°6  (o1-)ove2 ¢  (60-)21v0°1  (60-)660°1  (00+)00°€
(01-)9609°9  (01-)6096°( (01-)£068°¢ (01-)8641°8  (01-)9609°S  (O1-)¥1v0°6 (01-)9.65°6 (00+)0S°2
(o1-)8sv9"s  (01-)518.°9 (01-)8€08°9  (01-)6018°9  (01-)€965°%  (01-)8495°L  (01-)1c11°8  (00+)00°2
(ot-)otor vy (o1-)6tv2 s (01-)0s92°S (01-)€692°s  (01-)8¥68°€  (01-)€1s8°S  (O1-)1€9€°9  (00+)0S°¥
(o1-)¢s50°¢  (01-)s9¥8°¢  (01-)ocs8°t  (01-)89s8°€  (01-)8€99°2  (01-)sp92°v  (01-)€Z¥e"y  (00+)00°1
(o1-)11s1°2  (01-)$699°2 (01-)¥£99°2  (OT-)¥s89°2  (01-)£989°1  (01-)€£56°2 (01-)91ss'€  (10-)00°¢
(ot1-)sose 1 (01-)eess "t (ov-)eves 1 (o0r1-)e8sL U (OF-)s€el”1  (o1-)9616°1  (01-)£925°2  (10-)oS°y
(11-)8981°g  (01-)s020°1 (T1-)e1e€’6  (01-)2910°1  (11-)60/0°9  (01-)8s60°1  (01-)1€¥S°1  (10-)00°€
(t1-)1662°¢  (11-)8LLv"e (NT-)peESLy  (T1-)9901°2  (T0-)2e22°e (11-)z61°s (11-)22€1°6  (10-)0s°1
(11-)6v81°2  (or1-)otoet (t1-)ssvr e (or-)s2er t  (tv-)ogos 't (11-)ovsz e (11-)zeeyr  (10-)o0°1
(21-)gocy'8  (o1-)ocesy (11-)80S2°9  (or1-)9g2s°¢  (2T-)9ect "¢ (11-)yt10°9  (Ot1-)toze°v  (2c-)os‘y

PRIH-P LN PEEINETS Iy 93343u03 wojueyq anssyy (w24) (Aow)

buyzjuog LT -piu 1405 puaepuels ABaau3

SNV J3ddn

sfea eume3d 40} $J030B] UOISISAUOD um%%m%Nwwmmmw *l 2198l

a1

(1

91

vl
£l
21

1

20




|
|
} the *DOSE output. Previously, the ATR user could tries through the use of summary tables which
i only obtain access to the resuits of "FLUXWT en- arg pait of the "PRINT command output.
|
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SECTION 3

UNIFORM AIR TRANSPORT DATA BASE

Modification of ATR has included the replacement
of the source detector enargy-ditferential trans-
port data modules for neutrons secondary gam-
ma rays and prompt gamma rays. Angular
fluence data have also been modified to be con-
sistant with the scalar fluence information.

3.1 DATA BASE CALCULATION.

The transport data base for the ATR model s
comprised of downscatter spectra in 22 neutron
and 18 gamma-ray fluence energy groups from
18 neutron and 18 gamma-ray sSource groups.
These data have been produced using the ANISN,
one-dimensional, discreta ordinates transport
code (Ref.20). Calculations have been per-
formed using an Sy Gaussian quadrature and
cross sections from the VITAMIN-E coupled
neutron-gamma-ray Library having a Pg Legendre
scattering approximation for neutrons and Py for
gamma rays.

The VITAMIN-E cross section library has a format
conaisting of coupled neutron-gamma-ray mulit-
group data in 174 neutron and 38 gamma-ray en-
orgy groups. The energy structure of VITAMIN-E

neutron cross sections is compriced of nearly
egual lethargy increments from 20 MaVto 0 ! eV
with one additional group betow C. ' @V. The con-
version to ATR 22 neutron - 13 7amma-ray group
format was accomplished by . -ulating source
valuas for all VITAMIN-E groups constituent to a
specified ATR source group. such that the sum
ot the sources was one particle, performing the
transport calculation in uniform aw using the full
VITAMIN-E group structure and summing fluence
data within ATR energy bounds. The in-group
source weighting for gamma-ray source Ggroups
was based on a 1/E source shape. The in-group
source weighting for neutrons was based on the
ATR internai thermonuctear source spectrum in
DLC-31 format (37 neutron groups).

The calculations were carried out in spherncal ge-
ometry to an optical depth of 550 grams/cm? of
muist air as specified in Table 8, having a density
of:

1.115 * 10-3 gice dry air

6.330 * 106 g/cc water vapor

1.121 * 10-3 g/cc totai moist air

Table 8. Data basa moist ar alement specifications.

Elemant - Medum YiaightZs Numbar Qansity (atoms/-cm}
H - Watear 5 317F.02 4 .235F 07
0O - Water 5 012801 2.1176-07
O - Ar 2.302E .+ 9.722€ .06
N . Ar 7.514€401 3.825€E-05

Ar . A 1 283E£400 2.170£-07




Thus, the calculations extended to a radius of ap-
proximately 5 km. Only the data to 500 gram/cc
(approximately 4.5 km) were used to establish
the data base for ATR, in order to allow for pertur-
bations caused by the vacuum at the outer
boundary of the caiculation.

3.2 DATA BASE PARAMETERIZATION.

it would be possible to create an air transport
model simply by saving and performing interpola-
tion operations on a compiete set of differential
fluence data from one-dimensional discrete ordi-
nate caiculations. However, such a system would
be very large and unwieidy. Similarly, those data
could be fit with high order polynomial functions.
Again, the size of the coefficient data array would
be very large.

The modeling approach used in ATR is to use effi-
cient functional forms to fit the data base and to
suparate variable relationships so that a minimum
number of computations have to be performed
to reconstruct the required fluence data. Pre-
vious versions of ATR have incorporated separate
tunctional fits of total fluence. energy-differantial
fluencu, and angle-differential fluence data. This
approach was taken because the total fiuence
was easily fit with few coefficients, white the dif-
terential fluence modsls could ba based on data
normalized to total fluence. That approach al-

lowed enerQy- and angia-ditfarential modeis tobe

tonstructed at specific distances, with interpola-
tion to intermediate distances, rather than as
continuous functions of enerQy.

The functional form used in pravious versions of
ATR to fit the data as described above is a poly-
nomial series comprised of haif-intager and loga-
rithmic terms, known as Webster Functions. Even
though these functions provided great flexibility
in fitting complex data. it was found that the dif-
farential data could not be adequatsly fit with one
polyromial series. However, it wrs discovared
that the ratios between the first orcer functional
fit and the data itself were more amenalsle to the
fitting procedure. Thus,.previous versions of ATR
contain ond® Or two iterative corradtlion routines
to improve the quality of the fit. Likewise, when
revisions have been made 10 the code, additional
corrective layers have been appiied rather than
refitting the data base from scratch.

There has been one previous major revision o
the AT data base, st which time the original data
ware modified to reproduce a sat computed us-
ing iImproved cross sactions. it was decided ihat
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adding still another layer of modifications would
increase the running time of the code, further
complicate its aliready complicated internal struc-
ture, and possibly provide an unreliable fit to the
data. Thus, it was decided to fit the one-
dimensional transport data base starting from
scratch in the current revision o ATR.

The approach to data paramaeterization in the cur-
rent revision of ATR is changed from that used
in previous versions. Because the primary quanti-
ty used in ATR for calculation of range-dependent
dose or kerma is energy-difierential fluencs,
there was no particular reason to fit the total flu-
ence separately, except for the sake of conve-
nience. Thus, the approach was taken to directly
parameterize energy-differential fluence as a
function of distance.

As ravised, ATR computes energy-differential flu-
ence using two modeils. First, the cods calculates
the uncollided, energy-differantial fiuence using
the total cross section applicable to each source
energy group. Second, the code computes the
scattered fiuence contributinn. The model used
to fit scattered fluence data, including in-source
group scatter, is based on the fact that the func-
tion

Function = F(ur) x (8-Hr) / 12 (2)
where r is distance,

u is the inverse relaxation length, and

F(ur) is a polynomial,

which is often used to approximate the variation
of kerma or fluence with distance, takes the form
of a Taylor serias on r with powers in half-integer
steps.

it was found that a series truncated at powers of
t 3. including twelve functionat terms and & con-
stant, could reproduce the enargy- differential
fluence data with great accuracy within one or
two percent at each 'scation. Through multipie
trials a subsat of six terms of the original thirteen
was found which could reproduce the data nearly
as weil, certainly within the ¢+ 5 percent limits
which were the target critaria. Thus, a software
system wes oavised which performed a least
squares fit 1o all possible combinations of six of
tha available thirteen tarms, and providad the re-
suits, in terms of the resuiting coslficiants, in or-
der of descending coefficiant of determination
valus. Top combinations of coefticiants were ten-
tatively chosen for inclusion in the system. in




those cases where several combinations were
ranked as having equal values (to seven signifi-
cant figures) of the coeiticient of determination,
that combination providing the maximurn sum of
ail partial correlation coetficients was chosen.
The sets of coefticients were then individuaily
tested to insure that each reprcduced its fata set
to + 5 percent or peatter at aimost an 'ocatens

Examples of fit fluence plotted together with the
data from which they were derived ere presented
in Figures 7. 8 and 9 for neutron. secondary gam-
ma ray and prompt gamma ray kerma, respec-
tively, from a fission scurce.

The angular “luence pdrameterization was re-
tained from ATR 4.

3.3 TRANSPORT PERTURBATION BY AIR
MOISTURE VARIATION.

The atmosphera 1s nominally considered to con-
tan ntrogen, oxygaen and argon mn descending or-
der ot ahundanca, with tha last mentioned bemng
present at iavels only a httie over a percent of the
totai mass. The argon 13 /mportant cause of it
large photoelectric cross section which heips
maka tha atmosphere opadque to photons below
approyimately 30 ¥aV  Thase three constituants
make up the so-called dry atmosphare. which
hag long baan the standard for yse :n radiation
transport caiculations. Howaver tha atmosphara
alsn containg moisture N amounts which vary
over ima, ranqging from a faw tanths of A percent
10 A3 muech as one and a halt par e~ hy waght,
Corsaquently tha atmnaphera genarally contamns
up 10 8 faw tanths of prrcant hedrngan atoms by
waight or Lp to Mors than thoes parcant by num
ber .

Ag descnibad in sacthion 2 1 ATRS hasg been (ivan
the capabidity 10 accept atmosphenc humidity ae
a meataorological variahle. This capatuhty 1% bagad
on scaling factors which have haan ncorporated
into ATRS Thosa scaling factors have baen da-
velopad trom a aat of adioint ANISN, one-dimen.
sionat tTansport calculations, performed 1o A diy
air optical deapth of 55 gram per square cantima-
tar, using DLC-31 cross sactiona (Syqg. Py). hav-
g Mosture contants as follows:

24

Waeight Parcent
0.0(Moisture content default if no
moisture spectfication is input)

0.1
0.2
C.4

0.5645(ATR5 Uniform Air Data
Base)

0.8
1.2
1.6
2.0

The calculations provided tissue kerma as a func-
tion of distance from each of 37 neutron and 21
gamma ray source energy groups. These wete
collapsed into the 18 neutron. 18 gamma ray
group source enearqy structure of ATRS using the
thermonuclear source shape for neutrons and
sacondary gamma rays and mnverse enerqy for
gamma rays. as described in section 3.2. The re-
sults for each source energy were ‘itted as a
function of optical depth w4 ratioe of kerma calcu-
iated for a particular moisture content and that
calculated for tha ATRS data base. As applied In
ATRS. the neturatl logarthm of the moisture con-
tant correchon factor was axpressed as a func-
ton of ontical depth using the same polynomial
form used to fit the untorm air fluence data base.
That form 18 a polynomial sarnies 1n half integer
power staps ;om a nagative threa 1o A positive
threa. Trinis ware run to determine the minmum
number of coetticients raquired ta ht tha ratios
to better than liva parcent accuracy. Thasa de-
tacmnad that four tarn.s iplys A constant) were
required 1o it the neutren and secordary gamma
ray datn. while ont - thras terms (plus A conatant)
wera raquired 1o hit tha gamma ray data. As in
the case of tha uniform ac uences while aach
fit conmists of four or Hive teems thay are not neac-
nssanly the sama four or five terms for aach
SOUICH energy

Mosture corractions in tha form of karma ratios
for vanous raostura contents A e depctad in Fig-
ures 10, 11 and 12 for hesian neutrons and sec-
ondary  gamma  rays  and  fusion  nautrons,
roapactively. it should ba notad that, as argonne
hng httle eftect on the transport of rautrons.,
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Neut.ron kersa correction for atasospheric moisture
content in uniform air, fission neutron source.
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Figure 11. Secondary gamma ray kerma correction for atmos-

pheric moisture content in unifcra air, fission
neutron source.
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Figure 12. Neutron kerma corrections for atmospheric moisture
content in uniform air, fusion (12.2 to 14.9 MeV)
source.
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moisture has little effect on the transport of
source gamma rays. However, moisture has a
considerable effect on the transport of neutrons.
The nature of this effect is to strip the low energy
{less than 1 MeV) neutrons from the transported
spectrum. A fission weapon source contains a
large number of such neutrons. Hence, its trans-
port is significantly etfected initially, much more
so than the fusion source. After its initial loss of
low energy source neutrcns, the transported fis-
sion spectrum stabilizes, aided by the oxygen
cross secticn minimum at approximately 2.3
MeV. :

The prompt gamma rays and secondary gamma
rays from fusion neutrons are essentiaily unaf-
fected by atmospheric moisture. However, the
effect of increasing moisture on secondary gam-
ma rays from a fission neutron source is to de-

crease the distance from the source at which
such gamma rays are produced. This increases
the gamma ray kerma at short distances, as
shown in Figure 11. At very large distances the
effect becomes less important because the
source becomes more and more equivalent to
a point, regardless of where the gamma rays
were produced.

Note that the moisture transport correction used
in ATRS is based on ratios of kerma for each
source energy and is not detector energy -
dependent. Thus, the spectrum is unchanged
from that contained in the data base which con-
tains approximately 0.6% moisture by weight.
This corresponds to a relative humidity of approx-
imately 50% on a cool day {15 ¢) and is typical
of conditions which are to be found in central Eu-
rope in the spring (Ref. 40).
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SECTION 4

AIR-GROUND INTERFACE PERTURBATION MODEL

Radiation is scattered and absorbed in the grourd
‘o a different extent than in arr. Thus, the pres-
ence of the air-ground interface causes raciaticn
fluences to te perturbed in energy and anrgle
from those which would otherwise exist at the
same distance from the source in uniform air. At
the present time, the ATR code does not correct
the differential fluence for the presence of the
ground. Rather, it corrects the free field tissue
kerma, an integral quantity, based on ratios of
two-dimensional calculations with and without the
ground.

It is important to note that differental fluences
produced by ATR tor detector locations near the
air-ground intarface are those tor uniform air. ad-
justed by scalar multipliers. which are functicns
of sourca energy, horizontal distance and burst
height, in order to obtain the correct free field tis-
sue kerma. Values for all remaining kerma or
dose quantities are obtained in ATR by applying
the fluence-to-dose conversion factors described
previously to tha adjusted unidform air fluence.

The first correction factors ptaced in ATR 10 ac-
count for the presence of the Air-ground inter-
face were based on the French-Mooney first-last
collision estimation method (Ref. 24), normahzed
to the two-dimensional calculations of Straker
(Ref. 53), which pertained to a neutron sourcs
at a height of 50 "3et. The next improvement was
basad on the ertensive two-dimansional calcula-
tions of Pace (Ret. 44). which provided data for
source heights to 300 meters, although the
source Jata wera lirited to tssion and fusion
spectra. The most recent improvement prior to
the current e.tort usec the resuits of argjont
two-dimansional  calcu!ations  ratioed 1o one-
dimensional results to c¢otain a full, source sner-
gy-dependent array of adjustment factors (Ref.
26). Howevar, these data suffered from the tact
that the ground used in the two-dimensional cal-
culations was unrealistically dry, causing ths neu-
tron and secondary gamma ray dose immediately
above the ground to be unreaiistic as well,

The air-over-ground transport correct:ons devael-
oped {or use in thacurrent update of ATR are al30
based on two-dimensional adjoint calculations,
performed this time with a credible amount
ground moisture, 13% by weight, which 18 repre-
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sentative of that contained by mid-European and
United States scils under mnderate weather con-
ditions (Ref. 6). The elemental constituents and
density data for the ground and atmosphere used
in the calculations are shown in Table 9. The at-
mosphere has a graded density based on a moc-
el of spring conditions in central Europe, as
shown in Figure 13.

The calculations were performed using the DOT
two-dimensional discrete ordinates transport
code (Ref. 25) with a tissue kerma adjoint
source, the 37 neutron, 21 gamma ray group
DLC-31 cross section set with Py legendry scat-
tering in a Sg quadrature set modified to S4g in
the polar direction to minimize streaming along
discrete quadrature angles (ray effects). Calcu-
lations were performed to a usable source height
of 1000 meters and a usable horizontal distance
of 2000 meters. As an additional precaution
against the effects of quadrature streaming, the
uniform awr calcuiations used to develop the cor-
rection factors were aiso performed using the
COT code with an identical atmosphere profile
mirrored at the location of the air ground inter-
face.

The results of the caiculations. as ratios of the
ar-ground to unform arr kerma for a fission
source are shcown in Figures 4, 15 and 16 for
neutrons, secondary gamma rays and prompt
gamma rays, respective'y. Squivalent data for fu-
sion {12.2 to 14.3 MeV) neutrons are given for
neutron and secondary gamma ray kerma, re-
spectively, n Figures 17 and 18. The data are
very well behaved except within a forty-five de-
gree cons bslow the source. Beyond that inner
reqion it is clear that the relationship between
ground-perturbed and uniform air transport is fin-
ear with respect to source height and horizontal
distance. This fact has heen used to extrapolate
the results of these calculations to greater dis-
tances. Within the forty-tive degree cone, the re-
tationship  between the umiform ar and
air-over-ground resuits is irreqular, probably indi-
cating instabilites in the calculation of the latter
case. Tharrequlanties do decreasa with increas-
ing burst height, Also, they were more pro-
nounced when kerma ratios were taken with
raspact 1o ANISN (0re-dimensional) rather than
DOT (two-dimensional) calculation results.




Table 9. Air and ground elemental constituents (weight %).

Dry Air Constituents

Gggind Level 1 Level 2 Level 3

£lements Constituents 0-400m 400-800m 800-1100m

H 0.14

c 1.43

N 0.14 75.72 75.72 75.72

0 : 50.63 24,28 24.28 24,28

Na 0.79

Mg 1.14

Al 4.60

i 32.14

K 1.65

Ca 2.30

Mn 0.14

Fe 2.25

Ti ’ 0.36

P 0.12 _ __.
Density (g/cc) 1.40 1.155-3* 1.116-3 1.074-3
Free Moisture
Density (g/cc) 0.21 6.750-6 6.148-6 4.844-6
Total Density
(g/cc) 1.61 1.162-3 1.122-3 1.079-3

“Read as 1.155%107°.

Kk]




Prototype Model

Density  (g/cc) Elevation Elevation
_ _ DryAir Water (m) (m)
A
1.051-3%  4.03.6 1500
+ 1.065-3 3.94-86 1407 14ioT
Atmosphere
Region 3
p dry Air 1.074-3
7 water 4.84-6
+ 1.097-3 6.45-6 1086 100 T
Aradzphere
Reg.on 2
b
2 o dry Air 1.116.3
>
§ 4+ 1.123.5 5.83-6 827 P water 6.15-6
<<
4 L1413 6.35-6 723 7101
Atmosphere
Region |
+ 1.157-3 6.93.6 437 p dry Air 1.155-3
: 7 water 6.75-6
4 1.181-3 7.05-6 310 ilo7r .
i i Ground
Ground 309

*Read as 1.051¢10°>

Figure 13. Atmospheric density and moisture profile.
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The ratios of air-over-ground to uniform air tissue
kerma ware fit with a muiti-variable function,
inciuding tne following terms. Note that ali dis-
tance quanunes (slantrange, R, and burst height,
H) are expressed as cptical derth (mass per unit
area}.

TEAL TESMS FOR FITTRS A 9.5 Ea.

GROUND CCRRECTION FALTLRES
R in quarter power steps from 14 1o 2
H in quarter power steps from 1.4 to 2
{R*H) in half power steps from 1:2 to 2
8 grazing angle. in ratians
SIN 9
COS 9
R*SIN 8
R°COS @
CCMSTANT
Triais ware run to idantify the most important co-
atficients, fitteen of which were required to rapro-

duce the data everywhere to within five percent
or better. Those hHifteen terms are as ‘cilows:

40

FINAL TERMS {JSED TO FIT AiR-OVER-
GROUND CCORRECTION FACTCRS

1. H 14 9. RZ

2.H 12 10 2

3R TR

4. 12 12,587

5. R4 13. R*COS 9
6. R 12 14, (R°H1 2
7.R1 15, CCNSTANT
8. R 32

the relative importance of these ffteen terms in
fitting the data varnies with locaticn. At short dis-
tances (less than approxmately 300 meters burst
he:ght and 500 meters honizontat d:stance in data
tase air) the H (burst height) terms dominate the
valus produced by the function. Beyond those
confines the value 3 domminaied by the slant
rarge and grazing angle. At the imits of the Cata
the value '3 dominated by the grazing angle
alcne. Thus. the extragciaticn ¢! the correction
factor bevund the confnas ¢f tre data Case 18
accuorpushed on the basis ot grazing angls,
wh.ch 13 usad to determine the applicabie correc-
ton factor taken from the data base hmut.
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SECTION §
DELAYED GAMMA RADIATION

ATR calculates delayed radiation propagation tak-
ing into account the time-depenaent tission prod-
uct gamma ray emissions, firgbail; weapon debrs
height and air density surrounding the rising fire-
baii. The fireball rise and air density treatments
in ATR5 are based on empirical observations and
a one dimensional model, respectively, and are
unchanged from those used in ATR4. The bal-
ance of the mode! used in ATRS differs from that
used in ATR4 as follows:

1. The ATRS source term accourts for differ-
ences between spectra and photon emis-
sion rates botween fissionable isotopes
U235, U238 and Pu239. whereas the
ATR4 model is applicabie 10 U235 only.

2. The ATRS deilayed gamma ray transport
modet uses the same data vése as that
used for the prompt gamma rays, calcu-
iating scalar fluence as its primary quanti-
ty. whereas ATR4 has a separate photon
transport data base consisting of a ker-
ma-optical depth (g/cm?) reiationship.

3. The ATHKS model has been used to calcu-
late dose and dose rate values measured
at atmospheric tests and has been em-
pirically adjusted to prowvide the bhest
agreemeant with available test dats.

Deiayed radiation fluences are caiculated in ATRS
according to the axpression:

29 18 3
&(R) =Y * FFR* 5 3 dp'r.pr.hs) * [ (dt L(FF)
k=1 l=1 Aty =
*(FFY) * Se(t) (3)

whare ((R) is the total gamma ray fluence in
anergy Qroup j. at a given location R, ral.
ative 10 the burst point,

Y is the total device yield (user input)

FFR is the fraction of the total yiaid attrib-
utabie soialy 10 fissmion (user input)

dp(r,pr.Ns) is the gammas ray tiueance in
anergy group | per source photon in
source group |, determinad according 1o
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the parameters r, pr and hs and the mid-
poirit ¢f time increment k. where r is the
source-detactor siant gistance, pr is the
product of r and the average density (p)
over its length and hs is the source height
above the ground.

(FF;) is the number of fissions per unit
yield of fissile isotope i.

(FFY;) is the fraction of the fission yield
due to isotope i, and

Sy(t) is the time-dependent source rate
in 1 energy groups due to isotope i.

Values for quantities Y, FFR and FFY must be in-
put by the user {see section 2}. The time incre-
ment fluerce (bpg). per source group, is
calculated using the same data base as that for
prompt gamma radiation transport. The parame-
ters r, pr, and hs are calculated within ATRS,
based on initiai conditions of the burst, using
models described in the ATR4 Users Guide (DNA
3995F) (Ret. 33). ATRS integrates the figsion
product gamma ray dose rate over the pericd
from zero to sixty seconds numerically, using
nineteen time steps. The variation of the dose
rate with time depends on wespon yield, burst
height, target height and dictance. Therefore. in
order to employ so few t.ma steps the code itseif
chooses the duration of each step. it does so on
the basis of the cumulative uncollided fluence,
which it calculates in fifty equal logarithmic time
steps from one tantr * sixty seconds, plus points
at 0.001 and 0.01 seconds. The code selects the
timas at which the uncolliowd fluence s closest
to (but larger than) the cumuiative value in
ona-hiftaenth incramants  Tha last time step is
further dividaed intg five .mallar increments, in
equal logarthmic intervals, due to the sharp dose
rate gradiant prevatant at late times.

The number of hissions per kiloton of fission yield
(FFi) is stored in the code and need not be en-
torad by the user. The values are:

lsotope Eissions/ki

u23s 1.467€ « 23
u2ls 1.475E + 23
Pu239 1.419€ + 23




5.1 FISSION PRODUCT GAMMA RAY SOURCE.

The figsion product gamma ray source term Sy{t)
is a function of isotope (i), energy (h and time.
The most compiehensive measurements cf such
source spectra have been mcde by Fisher and
Engle (Ret. 22). Dickens. et.al. (Ref. 14, 15 znd
Ak, ama and An ‘Ret 2). The !'962 measure-
ments inctugaed mean timas after fast hssion as
early as 0.35 saconds for U237 U238 and Pu1239.
Cickens, ot al., measured deaa as early as ap-
proximately two seconds after thermal fission of
U235 and Pu239. Akiyama and An measured fast
fission - reiated data for several 1sotopes but at
reiatively late times. a few tens of seconds after
fission.

The energy emission rates measured by Fisher
and ©ngle are not in agreament with those cf the
other two groups for times after fission at which
no substantial differences shoulia remain between
fast and thermat fission. This discrepancy 13 im-
portant because only the risher and Engle data
provide fission product spectra apphcable o ail
three fissile nuclides at times of greatest interest.
Fortunately, the differences between the three
sats of data have been reconciled as oart of the
t).S. - Japan Joint Assessment of Atomic Bomb
Ragiaticn Dosimetry in Hiroshima and Nagasak)
{Ref. 58). Tha Fisher and Engle spectral data
have been adjusted based on thoge of Dickens,
et al.. with a consistent application of that adjust-
ment reproducing the Akiyama and An U238 en-
ergy emission rate at 40 seconds. vhe adjusted
spectra normalized to one gamma ray per fis-

s16n par second, are given in Tables 10, 11 and

sglopa

235 (0-1<11.42 sac)

(11 42160 secr)

1238 (0.1 2.19 sec)
(2.19.t-8 25 sac)
(B.251-15 sac)
{15160 sac)

Pu239 (0160 «ac)

4?2

12 for U235, U238 and Pu233. respectively. The
development and testing of these source data
are described in detail in Append:x £ of this re-
port,

n e grocess of correcting the Fisner and Engle
spectra. using the data of Dickens. et 3l . the en-
215, BMSSION rate was eifec ..ay renrmaized
ththat anpicable o trerral neLtron <500, Thisg
crobiem s aliuced to in Agcendix £, which de-
scribes the correction precess ang the subse-
auent testing of the cocrrected spectra and
energy emission ra..3. Subsequent to the com-
cletion cf the work descrbed in Apgendix E, En-
giand and Schenter (Ref. 19} created a dala bace
from a combination ot U.S. (ENDF B V and V)
and Japanese (JNDC88) sources, consisting of
hission product inventories for sach fissie nuclide
and the Leta and gamma ray energy emissicn
rates for each fission product. These data are
avalabie for thermal, tast and 14 MaV neutron
tission ang reproduce the measurements of Dick-
ens, et al.. and Aliyama ard An within a few per-
cent. Therefore. the erergy emission rates for
U235. U238 and Pu239 acopted for use in ATRS
are those taken from Engtand and Schenter for
fast fission and fit to the functional form:

Enargy Emission Rate = A

1+8t

{MeV per tission per seconc (4)

where t 18 the time in saconds. The coefficients
used in the arission rate modal ara:

Coathciant
Al y:n
0.6C6 0.8
4 118 PR
1 191 [EEORAS
2 450 2 659
o888 1105
-0.442  .0.589
0340 0618



Table 10. Fission product gamma ray source spectra for U235 at mean times
after fission of 0.35, 1.5, 4.75, 11.5 and 40 seconds.

fnergy Upper Camma rays/MeV-Camma ray
Group Energy Time (sec):
No. (MeV) 0.35 1.50 4.75 11.50 40.00
1 0.0452 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
2 0.100 0.000E+00 0.000E+00 C.000E+00 0.000E+00 0.00UE+00
3 0.150 4.933E-01b 3.675E-01 4.307E-01 4.210E-01 3.769E-Cl
4 0.300 1.038E+00 8.693E-01 9.983E-01 1.010E+00 9.071E-01
5 0.450 6.942E-01 6.720E-C1 7.311E-01 7.382E-01 7.324E-01
8 0.700 6.764E-01 7.565E-01 8.226E-01 7.801E-01 6.182E-01
7 1.000 5.391E-01 5.263E-01 4.511E-01 4.589E-01 4.965E-01
8 1.500 3.230E-01 3.388E-01 3.050E-01 3.252E-01 3.648E-01
9 2.000 1.603E-01 1.715E-01 1.728E-01 1.684E-01 1.868E-01
10 2.500 1.066E-01 1.100E-01 1.081E-01 1.065E-01 1.209E-01
11 3.000 6.688E-02 7.002E-02 6.091E-02 6.824E-02 8.265E-02
12 4.000 3.840E-02 4.177E-02 3.993E-02 3.671E-02 3.763E-Oé
13 5.000 1.396E-02 1.189E-02 1.035E-02 1.091E-02 1.230E-02
14 6.000 2.797E-03 3.618E-03 3.420E-03 3.571E-03 3.828E-03
15 7.000 9.842E-04 8.458E-04 7.598E-04 5.387E-04 4.233C-04
16 8.000 1.399E-04 1.400E-04 1.396E-04 1.399E-04 1.398E-04
17 10.000 0.000E+00 O0.000E+00 0.000E+00 O0.000E+00 0.000E+00 .
18 12.000 0.000E+00 0.000E+CO 0.000E+00 0.000E+00 0.000E+00

3l ower energy bound 0.010 MeV
bRead as 4.933+10-1

43




Table 11 Fission product gamma ray source spectra for U238 at mean times
af+ar fission of 0.35, 1.5, 4.75, 11.5 and 40 seconds.

Fnergy Upper Ganma rays/MeV-Ganma ray
Group Energy Time (sec):
No. (MeV) 0.35 1.50 4.75 11.50 40.00
1 0.0452 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2 0.100 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00
3 0.150 5.568E-01b 3.742E-01 5.271E-01 4.505E-01 3.881E-01
4 0.300 1.108E+00 9.559E-01 1.125E+00 1.049E+00 1.009E+00
5 0.450 7.432E-01 7.151E-01 7.608E-01 8.385E-01 7.773E-01
8 0.700 6.223E-01 6.874E-01 7.825E-01 7.532E-01 6.814E-01
7 1.000 4.881E-01 4.934E-01 4.347E-01 4.335E-01 4.891E-01
8 1.500 3.039E-01 3.3138-01 2.826E-01 2.956E-01 3.311E-01
9 2.000 1.564E-01 1.852E-01 1.685E-01 1.663E-01 1.805E-01
10 2.500 1.253E-01 1.151E-01 1.076E-01 1.121E-01 1.211E-01
11 3.000 8.130E-02 8.057E-02 6.249E-02 68.785E-02 8.479E-02
12 4.000 3.971E-02 4.338E-02 4.011E-02 3.923E-02 5.392E-u2
13 5.000 1.387E-02 1.180E-02 9.819E-03 1.124E-02 9.236E-03
14 8.000 3.882E-03 3.409E-03 3.587E-03 3.951E-03 3.109E-03
15 7.000 1.409E-03 8.844E-04 7.119E-04 6.154E-04 3.538E-04
18 8.000 1.398E-04 1.399E-04 1.402E-04 1.398E-04 1.403E-04
17 10.000 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00
18 12.000 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+CO

3l ower energy bound 0.010 MeV
bRead as 5.568+10-1

44




Table 12.

Fission product gamma ray source spectra for U239 at mean times

after fission of 0.35, 1.5, 4.75, 11.5 and 40 seconds.

Energy Upper Gamma rays/MeV-Gamma ray
Group Energy Time (sec):
No. (MeV) 0.35 1.50 4.75 11.50 40.00
1 0.0453 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2 0.100 0.000E+00 0.00CE+00 0.000E+00 0 .00CE+00 0.000E+00
3 0.150 5.425E-01b 3.966E-01 4.769E-01 4.377E-01 3.764E-01
4 0.300 1.094E+00 9.689E-01 1.107E+00 1.145E+00 9.238E-01
S 0.450 7.172E-01 7.560E-01 7:595E-01 8.111E-01 7.964E-01
8 0.700 7.448E-01 8.944E-01 9.002E-01 8.086E-01 8.484E-01
7 1.000 5.210E-01 4.882E-01 4.412E-01 4.426E-01 4.859E-01
8 1.500 2.982E-01 3.194E-01 2.792E-01 2.967E-01 3.430E-01
9 2.000 1.490E-01 1.496E-01 1.698E-01 1.679E-01 1.839E-01
10 2.50C 1.014E-01 9.263E-02 9.549E-02 9.966E-02 1.300E-01
11 3.000 7.204E-02 5.896E-02 5.283E-02 5.935E-02 8.725E-02
12 4.000 3.249E-02 3.024E-02 3.116E-02 2.869E-02 3.345E-02
13 5.000 1.250E-02 9.317E-03 6.433E-03 6.850E-03 7.245E-03
14 6.000 2.182E-03 1.80S5E-03 1.888E-03 1.850E-03 2.019E-03
15 7.000 5.915E-04 5.696E-04 5.417E-04 3.981E-04 3.396E-04
18 8.000 1.398E-04 1.400E-04 1.396E-04 1.397E-04 1.403E-C4
17 10.000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
18 12.000 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00

8l ower energy bound 0.010 MeYV.
bRead as 5.425¢10-1
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These coefficients reproduce the England and
Schenter gamma ray energy em‘ssion rate data
within two percent or less over the time periocds
indicated.

The reported emission rate spectra have been
assigned to time regimes, the mits of which are
the time increment boundanes closest to the
mean of the logarithm of adjacent reported
times, as follows:

Time (sec) of

[ime (sag) QQQ“QaD <) SQEQI[‘IDJ

0 - 0.075 0.35
0.75 - 3.25 1.50
3.25- 7.75 4.75
7.75 - 22.5 11.50
22.5 -60.0 40.00

5.2 EMPIRICAL CORHRECTIONS.

The ATR5 rnodel was used to calculate delayed
radiation as measured at several atmospheric
waapon tests. These included yields from several
kilotons to several megatons and scaled burst
heights (HOB(m)/yield to the one-third power)
from zero to over one hundred meters. The mea-
surements included time-dapendent data from
active dosimeters and total dose data from pas-
sive dosimeters, such as film badges. The fim
badge data were used only when the vield was
sufficiently large that delayed radiation compo-
nent was dominant or when the caiculated
prompt and secondary components were con-
firmed by time dependent measurements, and
could be subtracted from the total to obtain the
delayed component.

The calculations and measurements for each
shot were compared over all distances and the
mean of all comparisons for each shot was com-
pared with those for all the other shots. Upon
comparing the calculations and measurements
as a function of scaled height of burst, as shown
in Figura 19, it was evident that the ATR5 model
deviated from the measured data as a strong
function of the scaled burst height. ¥urthar com-
parisons against tre resuits of a model which
contained the same source and transport com-
ponents as ATRS5 but included a more sophisti-
cated, two-dimensional hydrodynamic model
indicated that the primary shortcoming of the
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ATR5 model lay in its inability to account for the
ground-reflected shock wave from the burst. The
ground-reflected shock wave fills in the low densi-
ty region which includes the rising fireball, provid-
ing more mass for the fission product gamma
rays to penetrate and, consequently, a lower
dose rate, as described in Appendix E of this re-
port. This effect is particularly well defined for a
burst at 110m scated height, as shown in Figure
20. The two-dimersional madel begins to fill in
the line of sight from source to detector at ap-
proximately 1 second, similar to the effect shown
in the measured data, though the two-dimension-
al model cver-estimates the effect. The data
from ATRS, based on a one-dimensional hydro-
dynamic model, show no such effect and over-
predict the dose rate at later times.

Unfortunately, reliable delayed gamma ray dose
rate data are not available for scaled burst
heights greater than 110.4 meters. However, re-
sults of the two-dimensionai delayed radiation
model combined with datailed calculations of the
prompt and secondary radiation components
compare well with tirre-integral measurements of
total initial gamma ray dose recorded for bursts
having scaled burst height as large as 182.3 me-
ters (Nagasaki) and 235.2 meters (Hiroshima).
Thus, the two-¢imensional model was used as
tne standard by which to assess the deviation of
the one-dimensional model at scaled burst height
greater than 110.4 meters. As can be seen from
Figure 19 the one- and two-dimensional models
come into agreement at a scaled burst height of
235.2 meters. It is not surprising that this should
occur, since at such large heights the reflected
shock wave has little or no effect on the rising
fireball.

Comparisons of experimental and two-dimen-
sional model dose values with those produced
using the one-dimensional model ATRS were
used to produce an empirical correction factor
based on scaled burst height. Linear interpolation
is used to obtain correction factor values be-
tween break point values, as shown below,

Scaled Heght Correction
of Burst (m) factor
0 1.000
17 1 1.000
56.8 0.758
701 0.695
110.4 0.560
182.3 0.943
2235.2 1.000
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Figure 20. Measured and calculated delayed radfation exposure
rates from a 110 m gcaled burst height event taken
at 914 m horizontal distance.
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The correction factors for zero and 17.! meter
scaled burst height wers set to unity because the
comparisons of ATR5 with available data pro-
duced very large uncertainty bands at those burst
heights, which included the unity value. Thus, tha
data did not conclusively indicate that the prob-
lem of reflected shock for very low burst heights
produced any effect beycond that already ac-
counted for in the model. (For very low burst
heights the one-dimensional model inciudes a
provision for increasing the yield for the purpose
of calculating the hydrodynamic perturbation of
the surrounding air).

Even with the scaled burst height-based empirica!
correction, problems remain in ATR, orobably
having to do with other limitations of the hygrody-
namic model, such as its inability to descrita the
movement of the gamma ray source within the
firaball or the formation of the torus cloud at late
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times, as described in Appendix E. These prob-
lems are evideiiced by rarye-dependent discre-
pancies between calculated and measured dose
values. These are particulari evident for surface
bursts and very low air burst  St:0B < 50 msters),
with the corrected (SHOB effect) model underes-
timating the measured values by twenty 1o thirty
percent within a few fireball radii and over esti-
mating them by a similar amount at distances of
many fireball radii. Unfortunately, there is not a
strong enough correlation with fireball radius or
any other readily observable parameter to create
a scalar correction factor to minimize the error
in a systematic and reliable way. it is recom-
mended that future research be directed toward
developing a reliable high order model of the phe-
nomena affecting delayed radiation transmission
and that such a model be used as the basis for
deriving further improvements for ATR, since the
available measured data are very limited.
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SECTION 6

SAMPLE CALCULATIONS

This section containg sampigs of calculations
which exemplity the new cap.™'ties added to
ATR5. The input and output for each calculation
are described in detail, particularly as regards
ATR5 modifications. Additional explanations of
ATR input and output can be obtained from the
documentation for ATR4 (DNA 3995F).

8.1 SAMPLE CALCULATION 1, USE OF THE
*MET COMMAND.

This calcuiation illustrates the use of two varia-
tions of the "MET command to obtain the same
neutron values. In the first entry the "MET com-
mand is used to specify the Temperature (20 ¢),
Pressure (1000 mb) and retative humidity (90%) .

"ATR VERSION 5 - - - SAIC {1 "R 1989 REVISION}
"TITLE SAMPLE PROBLEM 1 - AT° 'ERSICN §
*N-SOURCE (1)

"N-YIELD 10

*N-NORM 2.0E+23

"HS M, 100

‘HT.M,*

"MET (1) 20 1000 30

"RH.M, 500(500)2000

*DOSE/N/

*EXC

*MET(3) 1.179€E-3 1.3043

"EXC

*STOP

*FIN
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After an "EXC command, which causes the cal-
cuiation to be executed, the "MET command is
re-entered, providing data which supersedes that
contained in the previous calculations but leaving
all other commands unchanged. The revised
*MET entry provides a moist air density (1.179
E-3 g/cc) and a percent moisture by weight
(1.3043), which are identical to those obtained
using the data from the first "MET entry. The re-
sults of the two entries are virtually identical, as
should be expected. Note that ATRS ralculates
a ground level from the data provided in the "MET
command. That ground level will supersede any
which is entered by the GROUND command un-
less no ‘MET input is provided.

.
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SAMPLE PROBLEM 1 - OUTPUT

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 1 - ATR VERSION 5

® % & %k % B %k % » % ¥ Xk ¥ ¥ x k X k& % % & % %k & ¥ X % % % ¥ ¥ ¥ ¥k ¥ *

NEUTRON SOURCE INTERNAL FISSION
NORMALIZATION=2.000E+23 NEUTRON /KT, YIELD=1.000E+O1 KT
TOTAL OUTPUT=2.000E+24 NEUTRON

SOURCE SPECTRUM

ENERGY (MEV ) N N/MEV  ENERGY(MEV ) N N/MEV
1.07E-05-2.9CE-05 0.00E+00 0.00E+00 1.83E+00-2.31E+00 2.03E+23 4.24E+23
2.90E-05-1.01E-04 0.00E+00 0.00E+00 2.31E+00-3.01E+00 7.74E+22 1.11E+23
1.01E-04-1.23E-03 0.00E+00 0.00E+00 3.01E+00-4.07E+00 1.10E+23 1.03E+23
1.23E-03-2.19E-02 3.30E+22 1.60E+24 4.07E+00-4.97E+00 2.35E+22 2.62E+22
2.19E-02-1.11E-01 4.12E+23 4.83E+24 4.97E+00-6.38E+00 3.66E+22 2.60E+22
1.11E-01-1.58E-01 3.60E+22 7.86E+23 8.38E+00-8.19E+00 2.55E+22 1.41E+22
1.58E-01-5.50E-01 3.03E+23 7.72E+23 8.19E+00-1.00E+01 1.47E+22 8.11E+21
5.50E-01-1.11E+00 4.32E+23 7.71E+23 1.00E+01-1.22E+01 0.00E+00 0.00E+00
1.11E+00-1,83E+00 2.94E+23 4.08E+23 1.22E+01-1.49E+01 0.00E+00 0.00E+00

I EE R NE BE BE B BN BE RE NN N R B B R N BE I B R B B RN B A I R I

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 1 - ATR VERSION &

LI I T IR BN BN BN DR AN BN RN BN JNE RNE BN DNE IR TN N B BN B DN B T RN B IR N D TN IR Y R ]

GROUND LEVEL .500KM, 59.819GM/CM**2, 1.841KFT, .311MILES
HORIZ. RANGE RH=  .500KM, 57.782CM/CM**2, 1.840KFT, .31IMILES
*SLANT RANGE RS=  .510KM, 80.096GM/CM**2, 1.872KFT, .317MILES
TARGET ALT. HT=  .0O1KM, .117GM/CM**2,  .003KFT,  .OOIMILES
SOURCE ALT. HS=  .100KM, 11.613CM/CM**2,  .328KFT, .062MILES
*SLANT ANGLE AN= -11.200DEGREES (COS= .98006)

*CALCULATED FROM OTHER CGORDINATES

LI IR TN JEN BN BEE DA BN JEE BN TN TN RN BN BN DN RN N NN B BN NN B R I I IR R B DN TR IR R I
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NEUTRON

HORIZ. RANGE
5.COCE+02 M
1.000E+03 M
1.500E+03 M
2.00CE+03 M

DOSE 7 DOSE 8

4.04E+02 1.59E+04
7.06E+00 2.79E+02
2.28E-01 8.17E+00
1.07E-02 3.55E-01

DOSE VS. HORIZ. RANGE (RADS )

DOSE 1=
DOSE 2=
DOSE 3=
DOSE 4=
DOSE 5=
DOSE 6=
DOSE 7=
DOSE 8=
DOSE 9=
DOSE10=

DOSE 1

4.58E+05
7.42E+03
2.12E+02
9.21E+00

DOSE 9

1.22E+13
2.14E+11
68.34E+09
2.85E+08

ANS STANDARD-REM
SOFT TISSLE
MID-PHANTCM
CONCRETE

AlR

NON-IONLZING SI.
IONIZING SILICON
MID-HEAD

IMEV EQ. FLUENCE
USER SUPPLIED

DOSE 2 DOSE3 DOSE4 DOSE S DOSE 8

3.44E+04 1.18E+04 3.53E+03 5.41E+03 4.35E+02
5.81E+02 2.08E+02 5.82E+01 9.83E+J1 7.06E+00
1.65E+01 8.03E+00 1.75E+00 2.91E+00 2.10E-01
7.34E-01 2.59E-01 7.94E-02 1.27E-01 9.43E-03

DOSE10

0.00E+00
0.0CE+00
0.00£+00
0.00E+00

4 % & & & & & 2 2 &SSP E O E S OE et s o

**EXECUTION COMPLETED

52




8.2 SAMPLE CALCULATION 2, USER-

SUPPLIED *FLUXWT,
A gamma-ray source is used to illustrate
*FLUXWT input and output in ATR5. The

*FLUXWT command ailows the user to provide

his own fiuence-to-dose fectors. These are en-

tered after the units are given (up to 16 charac-
ters not including the bracketing commas) in
energy order low to high. In ATR5, the resuiting
dose values are printed as part of the "‘DOSE
command in position 8 for gamma rays and posi-
tion 10 for neutrons.

SAMPLE PROBLEM 2 - INPUT

*ATR VERSION 5 - - - SAIC (1 APR 1589 REVISION)

*TITLE SAMPLE PROBLEM 2 - ATR VERSION 5
*G-SOURCE(1)

*G-YIELD 10

*G-NORM 7.5E+22

*GROUND,M, 500

*HS.M.50

*HT .M, 1

*AH.M, 500(500)2000

*DOSE/G/

*FLUXWT/G/,ROENTGENS,7.185€-11 3.616E-11 5.484E-11 1.079€-10

1.993€-10 3.068E-10 4.433E-10 6.054E-10 7.820€-10 9.06SE-10

1.110E-09 1.255E-09 1.48B7E-09 1.707E-09 1.890€-09 2.192E-09

2.448E-09 2.223E-08
"EXC
*ST0P

*FIN
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SAMPLE PROBLEM 2 - OUTPUT

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 2 - ATR VERSION 5

* %k % & % % % ¥ % & & & & B ¥ x ¥ ¥ & & ¥ ¥ X kx ¥ * ¥ x ¥ & % ¥ * & %

GAMMA SOURCE INTERNAL FISSION
NORMALIZATION=7.500E+22 GAMMA /KT, YIELD=1.000E+01 KT
TOTAL OUTPUT=7.500E+23 GAMMA

SOURCE SPECTRUM
ENERGY (MEV ) G G/MEV  ENERGY(MEV ) G G/MEV
.00E-02-4.50E-02 2.44E+22 8.98E+23 2.00E+00-2.50E+00 2.81E+22 5.61E+22
.50E-02-1.00E-01 1.23E+22 2.24E+23 2.50E+00-3.00E+00 1.67E+22 3.34E+22
1
5

.OCE-01-1.50E-01 3.66E+22 7.32E+23 3.00E+00-4.00E+00 1.58E+22 1.58E+22
.50E-01-3.00E-01 7.74E+22 5.16E+23 4.00E+00-5.00E+0G 5.59E+21 5.59E+21
.00E-01-4.50E-01 1.02E+23 8.79E+23 5.00E+00-6.00E+00 1.99E+21 1.96E+21
.50E-01-7.00E-01 1.52E+23 6.08E+23 8.00E+00-7.00E+00 6.94E+20 6.94E+20
.0CE-01-1.00E+00 1.22E+23 4.08E+23 7.00E+00-8.00E+00 2.83E+20 2.83E+20
.00E+00-1.50E+00 1.06E+23 2.11E+23 8.00E+00-1.00E+01 1.18E+20 5.90E+19
.50E+00-2.00E+00 4.82E+22 9.84E+22 1.00E+01-1.20E+01 0.00E+00 0.00E+00

— = s B W = b e
S e i B VS I R )
W NN

— 00 N R W

* & & & % & & % £ & & & & ¢ & 2 & s 2 4 s S 4t A A S &Rk

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 2 - ATR VERSION §

% & % & & 8 & b & & & 3 & & s & ¢ & & b & & 4 & s %S 2 A& Sk

.787CM/CM**2, 1.640KFT,  .31IMILES
HORIZ. RANGE Rit=  .500KM, 58.065GM/CM**2, 1.840KFT, .31IMILES
*SLANT RANGE RS~  .502KM, 58.482GM/CM**2, 1.648KFT,  .312MILES
TARGET ALT. HT=  .001KM,  .117GM/CM**2,  .0O3KFT, .0OIMILES
SOURCE ALT. HS=  .050KM,  5.821GM/CM**2,  .1B4KFT, .031MILES
*SLANT ANGLE AN= -5.507DEGREES (C0S= .90523)

*CALCULATED FROM OTHER COCRDINATES

GROUND LEVEL .S500KM,

AR A

e ® & & 85 @& ¢ & 8 6 ¢ 6 ¢ & ¢ 2 s 6 S S s 8 G & O 6 ¢ s S e b 20
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GAMMA

HORIZ. RANGE
5.000E+02 M
1.000E+03 M
1.500E+03 M
2.000E+03 N

DOSE 7 DOSE 8

9.25E+02 1.36E+03
2.64E+01 3.80E+01
1.77E+00 2.51E+00
1.78E-01 2.50E-01

DOSE VS. HORIZ. RANGE (RADS )

DOSE 1=
DOSE 2=
DOSE 3=
DOSE 4=
DOSE &=
DOSE 8=
DOSE 7=
DOSE 8=

DOSE 1

1.72E+03
4.55E+01
2.90E+00
2.83E-01

ANS STANDARD-REM
SOFT TISSUE
MID-PHANTOM
CONCRETE

AIR

IONIZING SILICON
MID-HEAD

USER SUPPLIED

DOSE2 DOSE3 DOSE4 DOSES DOSE 6

1.30E+03 7.95E+02 1.71E+03 1.18E+03 1.83E+03
3.64E+01 2.32E+01 4.34E+01 3.31E+01 4 57E+01
2.41E+00 1.57E+00 2.69E+00 2.18E+00 2.81E+00
2.40E-01 1.59E-01 2.61E-01 2.18E-01 2.71E-01

$ 5 % 2 ¢ 4 & 2 % 2 R S & 2SS sE S S AN A

**EXECUTION COMPLETED
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6.3 SAMPLE CALCULATION 3, USE OF THE
*FP COMMANDS.

ATR5 allows the user to specity the fractions of
tiss,on y:eld dus to the three primary fissie mate-
riais U-235. U-238 and Pu-239. These fractions
are nput via the “FP-t command and are used
~othe faicuiaron of tne hission produnt
vaeiayec) comuonent. Faluie to sinvae a tFo

S—
A

SEVOLE P

*ATR VERSION 5 - - - SAIC (1 APR 1989 REVISION)

"TITLE SAMPLE PROBLEM 3 - ATR VERGION §
*FP-yY 100

"FP-F 0.95

*FP-10.950.05 0.0

"HS M. 250

HT M1

*GROUND . M 500

*RH M 200

*RH.M, 1000(500)2500

TROSE FP/

58

command when calculating delayed radiation re-
suits in U-235 fission by default. In the case of
the sample problem. a hypothetical weapon hav-
g a total yield of 100 kt, of which 35% s due
to hission, 18 specified using the “FP-Y and “FP-F
commands, respectively. The “FP-I command
stpu-ates that 5% of the yield is gue to U-235,
o aue to U-238 and no vieid s cernved from

s 3
3

-

ju RN,
RV R

p
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"
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SAMPLE PROBLEM 3 - OUTPUT

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 3 - ATR VERSION &

* & % % & %k Xk %k & B % % k & & % % &k &k % & & % & % %k k & & & x * ¥ ¥k %

FISSION PRODUCT YIELD=1.00E+02XT, FISSION FRACTION= 9.50E-01

® % % % Kk %k % x % % ¥ ¥ & % % % % & % % % & % * % %k %k kx k% ¥ ¥ * X % *

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 3 - ATR VERSION 5

LEE SR IR R I B N B B BN B E B BE R BN B Nk BN JE NE BN BN B N NN EE N N N N AR

GROUND LEVEL .500KM, 59.787GM/CM**2, 1.640KFT, .311MILES
HORIZ. RANGE RH= 1.000KM, 113.897GM/CM**2, 3.281KFT, .B21MILES
*SLANT RANGE RS= 1.031KM, 118.805GM/CM**2, 3.381KFT, .B40MILES
TARGET ALT. HT=  .0CiKM, .117GM/CM**2,  .0O3KFT, .OOIMILES
SOURCE ALT. HS=  .250KM, 28.823GM/CM**2, .820KFT, .155MILES
*SLANT ANGLE AN= -13.982DEGREES (C0S= .97037)

*CALCULATED FPOM OTHER CGORDINATES

LR R N B B A L A I B BN BN B BN R BN B BE K N I K N R N N I I IR

FISSION PRODUCT DOSE VS. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM
DOSE 2= SOFT TISSUE
DOSE 3= MID-PHANTOM
DOSE 4= CONCRETE
DOSE 5= AIR
DOSE 8= IONIZING SILICON
DOSE 7= MID-HEAD
DOSE 8= USER SUPPLIED
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HORIZ. RANGE
1.000E+03 M *
1.500E+03 M
2.000E+03 M
2.500E+03 M

DOSE 7 DOSE 8

5.72E+03 0.005+00
5.15E+02 0.00=+00
5.51E+01 0.00E+0C
6.85E+00 0.00E+0C

* % Kk % ¥ % £ & %

DOSE1 DOSE 2 DOSE3 DOSE 4 DOSES5 DOSE 6

1.04E+04 7.99E+03 4.95E+03 1.03E+04 7.27E+03 1.09E+04
8.92E+02 7.12E+02 4.52E+02 8.52E+02 6.46E+02 8.96E+02
9.15E+01 7.54E+01 4.88E+01 8.51E+01 6.83E+01 8.88E+01
1.11E+01 9.31E+00 6.12E+00 1.02E+01 8.43E+30 1.06E+01

* % b & & %k % %k Bk & Kk k B % ok & & k Kk k k & K & & B

**EXECUTION COMPLETED



6.4 SAMPLE CALCULATION 4, CALCULATING
TOTAL DOSE (*DOSE/T/).

ATR5 has completsly integrated the fission prod-
uct (delayed) radiation module into the codse for
the purpose of calculating dose, as specified us-
ing the *DOSE command. The commands:

"DOSE/N/
*DCSE/G/
*DOSE/NG/
*DOSE/FP/

provide only the values computed for each com-
ponent, respectively. The command "DOSE/GG/
provides the total gamma-ray dose for ali sources
specified including fission production radiation,
regardless of whether the individual dose compo-
nents are requested. The "DOSE/GG/ command
shouid not be used when only on source of gam-
ma rays (including neutrons) is stipulated. Like-
wige, the *DOSE/T/ command provides a totai of
all components resulting from the sources stipu-
lated, including fission product radiation, regard-
less of whether the dose components are
requested individually.

SAMPLE PROBLEM 4 - INPUT

“ATR VERSION 5 - - - SAIC (1 APR 1989 REVISION)

*TITLE SAMPLE PROBLEM 4 - ATR VERSION 5
*N-SOURCE(2)
*N-YIELD 200
"N-NORM 2.0E+23
*G-SOURCE(1)
*G-YIELD 200
*G-NORM 7.5E+422
"FP-Y 200

"FP-F 0.9
"FP-10.00.2 0.8
*GROUND .M, 500
*HS,M,300
"HT.M, 1

*RH,M, 1500(500)3000
*DOSE/N/
*DOSE/G/
*DOSE/NG/
*DOSE/FP/
*DOSE/GG/
*DOSE/T/

‘EXC

*STOP

*FIN
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ATR PROBLEM NUMBER 1

SAMPLE FROBLEM 4 - OUTPUT

SAMPLE PKOBLEM 4 - ATR VERSION &

¥ ok ok % %k & %k %k & % & Xk x & % & * ¥ » % ¥k ¥ &k A & X ¥ k % ¥ & & %k * ¥

NEUTRON SOURCE

ENERGY (MEV )

INTERNAL THERMONUCLEAR
NORMALIZATION=2.000E-23 NEUTRON /KT, YIELD=2.000E+02 KT
TOTAL OUTPUT=4.000E+25 NEUTRON

SOURCE SPECTRLM

1.07E-05-2.90E-05 0.00E+00 0.00E+00

2.90E-05-1.01E-04
1.01E-04-1.23E-03
1.23E-03-2.19E-02
2.19E-02-1.11E-01
1.11E-01-1.58E-01
1.58E-01-5.50E~01
5.50E-01-1.11E+00
1.11E+00-1.83E+00

N N/MEV
8.00E+22 1.11E+27
2.29E+24 2.03E+27
1.38E+25 6.66E+28
4.39E+24 4.92E+25
4.57E+23 9.72E+24
3.62E+24 9.24F+24
3.40E+24 8.07E+24
2.48E+24 3.44E+24

ENERGY (MEV ) N
1.83E+00-2.31E+00 1.04E+24
2.31E+00-3.01E+00 1.04E+24
3.01E+00-4.07E+00 1.04E+24
4.07E+00-4.97TE+00 6.80E+23
4.97E+00-6.38E+00 7.20E+23
8.38E+00-8.19E+00 5.88E+23
8.19E+00-1.00E+01 5.84E+23
1.00E+01-1.22E-01 1.02E+24
1.22E+01-1.49E+01 2.82E+24
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N/MEV
2.16E+24
1.49E+24
9.81E+23
7.56E+23
5.11E+23
3.25E+23
3.12E+23
4.85E+23
1.05E+24




& ok ok ok %k k % ok o ck ok ok sk %k & & k& k K ok %k k & &k &k k ok %k Kk ¥ % k w w Xk

A1R PROBLEM NUMBER 1 ~ SAMPLE PROBLEM 4 - ATR VERSION 5

A ok ok ok ok o ok ok sk ok ok & ok ok b ok % ok B ok ok % ok ok % %k ok ok % ok ok N X X

GAMMA SOURCE INTERNAL FISSION
NORMALIZATION=7.500E+22 GAMMA /KT, YIELD=2.000E+02 KT
TOTAL OUTPUT=1.500E+25 GAMMA

SOURCE SPECTRUM

ENERGY (MEV ) ¢ G/MEV  ENERGY(MEV ) Q G/MEY
1.00E-02-4.50E-02 4.89E+23 1.40E+25 2.00E+00-2.50E+00 5.81E+23 1.128+24
4.50E-02-1,00E-01 2.47E+23 4.48E+24 2.50E+00-3.00E+00 3.34E+23 6.68E+23
1.00E-0i-1.50E-01 7.32E+23 1.48E+25 3.00E+00-4.00E+00 3.16E+23 3.16E+23
1.50E-01-3,00E-01 1.55E+24 1.03E+25 4.00E+00-5.00E+00 1.12E+23 1.12E+23
3.00E-01-4.50E-01 2.04E+24 1,36E+25 5.00E+00-8.00E+00 3.S7E+22 3.97E+22
4.50E-01-7.00E-01 3.04E+24 1.22E+25 8.00E+00-7.00E+00 1.30E+22 1.39E+22
7.00E-01-1.00E+00 2.45E+24 8.17E+24 7.00E+00-8.00E+00 5.86E+21 5.66E+21
1.00E+00-1.50E+00 2.11F+24 4.22E+24 8. 00E+00-1.00E+01 2.36E+21 1.18E+21
1.50E+00-2,00E+00 9.64E+23 1.93E+24 1.00E+01-1.20E+01 0.00E«00 0.00E+00

LEE B A IR A I I B N B R N N N R BN N N N N N B I I B R

ATR PROBLEM NUMBER 1 SAMPLE PROBLEM 4 - ATR VERSION 5

* % R % &k kB s kR kA ks k ks 3k ok ok ok ok kok kR k% ok ok w k

FISSION PRODUCT YIELD=2.00E+02KT, FISSION FRACTION= 9.00E-01
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* h &k & % k & 4 & % ¥ ¥ ¥ X %X * ¥ ¥ x ¥ ¥ ¥ A& x ¥k Kk & *k * k & %k k ¥k X

ATR PROBLEM NUMBER 1

SAMPLE PROBLEM 4 - ATR VERSION &

% & % & ¥ % X X 5 % % % % % & % % ¥ ¥ % & % & & & % ¥ ® & & & ¥ ¥ &k K

GROUND LEVEL
HORIZ. RANGE
*SLANT RANGE
TARGET ALT.
SOURCE ALT.
*SLANT ANGLE

RH=
RS=
HT=
HS=
AN=

.500KM, 59.787CM/CM**2, 1.840KFT, .311MILES
1.500KM, 170.018GM/CM**2, 4.921KFT, .932MILES
1.530KM, 175.904CM/CM**2, 5.018KFT, .950MILES

.0C1KM, .117CM/CM**2,  .003KFT,  .OOIMILES

.300KM, 34.504GM/CM**2,  .984KFT, .186MILES

~-11.273DEGREES (COS= .98071)

*CALCULATED FROM OTHER COORDINATES

* % 5 % % A & %k & & £ % % & 2 ¥ % & & & & % B & & ¥ % $ s s * b ok B A

NEUTRON

HORIZ. RANGE
1.500E+03 M
2.000E+03 M
2.500E+03 M
3.000E+03 M

DOSE VS. HORIZ. RANGE (RADS )
DCSE 1= ANS STANDARD-REM
DOSE 2= SCFT TISSUE

DOSE 3= MID-PHANTOM

DOSE 4= CONCRETE

DOSE 5= AIR

DOSE 6= NON-IONIZING SI.
DOSE 7= IONIZING SILICON
DOSE 8= MID-HEAD

DOSE 9= 1IMEV EQ. FLUENCE
DOSE10= USER SUPPLIED

DOSE1 DOSE2 DOSE3 DOSE4 DOSES DOSE 8

1.82E+04 1.52E+03 5.50E+02 1.84E+02 2.85E+02 1.96E+01
1.18E+03 9.88E+01 3.50E+01 1.17E+01 1.70E+01 1.28E+00
8.76E+01 7.34E+00 2.56E+00 8.58E-01 1.25E+00 9.51E-02
6.93E+00 5.80E-01 2.01E-01 ¢.70E-02 9.88E-02 7.53E-03
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DOSE 7 DOSE 8 DOSE 9 DOSE10

3.70E+01 7.58E+02 5.92E+11 0.0CE+00
2.22E+00 4.83E+01 3.86E+10 0.00E+Q0
1.53E~01 3.55E+00 2.83E+09 0.0CE+00
1.13E-02 2.79E-01 2.28E+08 0.00E+00

% ok ko ok &k & %k % & %k % & % K % & % & k ok ok k & & %k ok ok ok Rk k & K Kk &k ¥

GAMMA DOSE VS. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM
DOSE 2= SOFT TISSUE
DOSE 3= MID-PHANTOM
DOSE 4= CONCRETE
DOSE &= AIR
DOSE 8= IONIZING SILICON
DOSE 7= MID-HEAD
DOSE 8= USER SUPPLIED

HORIZ. RANGE DOSE1 DOSE2 DOSE3 DOSE4 DOSE 5 DOSE 8
1.500E+03 M 7.05E+01 5.84E+01 3.80E+01 8.58E+01 5.29E+01 6.84E+01
2.000E+03 M 7.21E+00 6.11E+00 4.04E+00 8.85E+00 5.53E+00 6.91E+00
2.500E+03 M 9.42E-01 8.08E-01 5.41E-01 8.86E-01 7.31E-01 8.98E-01
3.000E+03 M 1.42E-01 1.23E-01 8.32E-02 1.31E-01 1.11E-01 1.36C-01

DOSE 7 DOSE 8

4.20E+01 0.00E+00
4.52E+00 0.00E+00
6.01E-01 0.00E+C0
9.21E-02 0.00E+00
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* %k ¥k w Kk % % %k %k % % ¥ %k k ¥k * F % * k ¥ x % * % & x ¥ %k ¥ % x %k * x

NEUTRON GAMMA  DOSE VS. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM
DOSE 2= SOFT TISSUE
DOSE 3= MID-PHANTCM
DOSE 4= CONCRETE
DOSE 5= AIR
DOSE 6= IONIZING SILICON
DOSE 7= MID-HEAD
DOSE 8= USER SUPPLIED

HORIZ. RANGE DOSE1 DOSE 2 DOSE 3 DOSE 4 DOSE S DOSE 6
1.500E+03 M 1.42E+03 1.28E+03 8.72E+02 1.32E+03 1.14F+03 1.38E+03
2.000E+03 M 2.01E+02 1.78E+02 1.24E+02 1.86E+02 1.81E+02 1.94E+02
2.500E+C3 M 3.35E+01 2.99E+01 2.07E+01 3.11E+01 2.70E+01 3.24E+01
3.000E+03 M 8.24E+00 5.58E+00 3.89E+00 5.81E+00 5.04E+00 6.05E+00

DOSE 7 DOSE 8

9.67E+02 0.00E+00
1.37E+02 0.00E+QO0
2.29E+01 0.00E+00
4.27E+00 1).00E+00

& % % 4 &£ & % & 2 2 & H & x s A kR A& DA kPSS RSN
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COUPLED GAMMA DOSE VS. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM
DOSE 2= SOFT TISSUE
DOSE 3= MID-PHANTOM
DOSE 4= CONCRETE
DOSE 5= AIR
DOSE 6= IONIZING SILICON
DOSE 7= MID-HEAD
DOSE 8= USER SUPPLIED

HORIZ. RANGE DOSE 1 DOSE 2  DOSE 3 DOSE 4 DOSE 5 DOSE 6
1.500E+03 M 3.55E+03 2.93E+03 1.92E+03 3.38E+03 2.88E+03 3.55E+03
2.000E+03 M 4.20E+02 3.57E+02 2.38E+02 3.92E+02 3.23E+02 4.0GE+02
2.500E+03 M 5.99E+01 5.18E+01 3.51E+01 5.55E+01 4.69E+01 5.78E+01
3.000E+03 M 9.83E+00 8.60E+00 5.88E+00 9.10E+00 7.78E+00 9.47E+00

DOSE 7 DOSE 8

2.17E+03 0.00E+00
2.686E+02 0.00E+00
3.90E+01 0.0CE+00
6.50E+00 0.00E+00
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k % ok % % ok & & & % %k %k ¥ % ¥ k %k ¥ £ ¥ ¥ & & ¥ % & & x % ¥ ¥k % % % ¥

TOTAL

HORIZ. RANGE
1.500E+03 M
2.000E+03 M
2.500E+03 M
3.000E+C3 M

DOSE 7 DOSE 8

2.92E+03 0.00E+00
3.14E+02 0.00E+00
4,25E+01 0.00E+00
8.78E+00 0.00E+00

l.

DOSE VS. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM

DOSE 2= SOFT TISSLE

DOSE 3= MID-FHANTOM

DOSE 4= CONCRETE

DOSE 5= AIR

DOSE 8= IONIZING SILICON

DOSE 7= MID-HEAD

DCSE 8= USER SUPPLIED

DOSE 1 DOSE 2 DOSE 3 DOSE 4 DOSE 5 DOSE 6
2.18E+04 4.45E+03 2.47E+03 3.56E+03 2.92E+03 3.50E+03
1.60E+03 4.55E+02 2.73E+02 4.03E+02 3.40E+02 4.11E+02
1.48E+02 5.92E+01 3.76E+0! 5.84E+01 4.81E+01 5.79E+01

B88E+01 9.18E+00 8.C8E+CO 9.17E+00 7.88E+00 9.48E+00
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FISSION PRODUCT DOSE V3. HORIZ. RANGE (RADS )
DOSE 1= ANS STANDARD-REM
DOSE 2= SOFT TISSUE
DOSE 3= MID-PHANTOM
DOSE 4= CONCRETE
DOSE &= AIR
DOSE 8= IONIZING SILICON
DOSE 7= MID-HEAD
DOSE 8= USER SUPPLIED

HORIZ. RANGE DOSE 1 DOSE 2 DOSE 3  DOSE 4 DOSE 5 DOSE 6
1.500E+03 M 2.05E+03 1.61E+03 1.01E+03 1.99E+03 1.46E+03 2.11E+03
2.000E+03 M 2.12E+02 1.72E+02 1.10E+02 1.98E+02 1.Z "+02 2.08E+02
2,500E+03 M 2.55E+01 2.12E+01 1.38E+01 2.35E+01 1.92E+N1 2.45E+01
3.000E+03 M 3.44E+00 2.90E+00 1.91E+00 3.168E+00 2.63E+00 3.28E+00

DOSE 7 DOSE 8

1.16E+03 0.00E+00
1. 26E+02 0.00E+00
1.55E+01 0.00E+00
2.14E+00 0.00E+00

LR B B R Ik B B BE B B BN BN NN RN NN N N N I N B NN NN B N I N B I N ]

**EXECUTION COMPLETED
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APPENDIX A
HISTORY OF ATR

Considerable etfort was devoted to the under-
standing of weapons radiation transport in the at-
mosphere. especially near the air-ground
intertace, in the decade of the 60’s. This effort
was a combination of experimental and analytical
studies, a large portion of which were supported
by DNA (then DASA). All the experimental work
was performed at the Nevada Test Site and in-
cluded the two tower experiments, BREN (Ref.
28) and HENRE (Ref. 27), the former using a bare
fast reactor source and the latter using an accei-
erator-driven 14 MeV neutron source. There was
also interest in trying to predict analytically the
radiation dose and fluence levels measured in the
NTS atmospheric shots of the 50°s.

The DNA-sponsored efforts culminated in pubfi-
cations by Straker {Refs. 53 and 58) and by L.G.
Mooney and R.L. French (Ref. 10). The Mooney
and French work was the most comprehensive
ever attempted to completely describe the initial
radiation intensity from actual tests, selected
from Teapot, Plumbbob and later series. it used
the Straker air-over-ground data, adjusted for
height-of-burst using the method of French (Ref.
24), and incorporated a method for estimating
the contribution of debris radiation to the total.
Mooney and French devetoped their debris radi-
ation predictive model based on the work of
Loewse (Ref. 32).

The work of Mooney and French showed quite en-
couraging agreement with test shot data. Unfor-
tunately, no attempt was made to incorporate
their methods into a general tool for initial weapon
radiation transport prediction. However, a pro-
posal to do exactly that was submitted to DNA
(DASA (RARP)) by Science Applications, Inc. in
1970. Oddly, this proposal did not arise from re-
view of the RRA work, but from neoads perceived
by Dr. James Lonergan of SAIC, pertaining to
in-flight radiation vuinerability analysis of strategic
missiles. Dr. Lonergan’'s concept was to couple
the energy and angle-dependent response calcu-
lated in the adjoint mode for important internal
missile components with the resuits of uniform
air transport calculations of the type published by
Straker. To do this efficiently, it was necessary
that the air transport data be placed in a format
suitable for easy retrieval by computer. SAIC, un-
der the resuiting contract and follow-ons and un-
der an additional study funded by Ballistic
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Research Laboratories (BRL), produced five
successive versions of that prediction tool, which
was given the name Air Iransport of Radiation
{ATR). The documentation for these versions of
ATR are listed in Table 13.

The code released as Version 1 was an interim
version and included only the neutron and sec-
ondary gamma-ray portion of the data base. Ver-
sion 2 was actually the first complete version of
ATR as originaily proposed. It had functional fits
of the Straker energy and angular-differential uni-
form air neutron and secondary gamma-ray
transport data and an additional data base for
gamma ray and x-ray transport, generated in a
like format to the Straker data. It also incorpo-
rated an air-over-ground transport correction ap-
proach for integral dose based on the French
method and normalized to the Straker
air-over-ground calculated data. There were no
plans at the time to incorporate a debris radiation
modet in the code. The reason for this is that radi-
ation transport research of the early 70's was
preoccupied with strategic applications, particu-
larly the penetration of missile silos. Works such
as that by Mynatt, et al. (Ref. 42), indicated that
the most important components of initial weap-
ons radiation for this application were the neu-
trone, which produced gamma rays in the silo
cover, and the high-energy secondary gamma
radiation, particularly that produced above the
silo. The moderately energetic (-1.0 MeV) debris
radiation i3 much less penetrating through such
facilities, particularly if incident at an oblique
angle.

In 1972, new neutron cross section evaluations
for nitrogen and oxygen, sponsored by DNA
(RARP), were published by Young and Foster of
LASL (Refs. 61 and 62). These cross sections
predicted half of the secondary gamma radiation
from 14 MeV neutrons in nitrogen called for by
the earlier Straker set. The reason given was that
the earlier set had underestimated the competi-
tion from charged particle emission at high neu-
tron energies. At the same time, the
Young-Foster data also predicted higher trans-
mitted dose of high energy neutrons and greater
secondary gamma-ray production by low energy
neutrons that did the Straker set. The appear-
ance of the new cross sections caused consider-




Table 13. ATR documentation summary.

REPORT CONTENT
SAI-71-565-LJ Paper given at RSIC Workshop on Radiation Transport
November 1971 in Air. Describes logic of code and scme data base
development.
DNA28031 First report describing basic concepts of ATR and
May 1972 the first distributed version of the code; describes

neutron and secondary gamnma-ray data base genera-
tion. Includes air/ground and exponential air
correction factors.

DNA3144A Users manual for ATR-2 version of the code; does
April 1973 not describe data base generation.
ONA3279T ' Describes data base generation for photons (prompt
August 1974 gamma rays and x-rays) and the prompt gamma-ray
air/ground correction factors.
DNA3362Z Summary of the capabilities of the ATR code with
August 1974 updates to ATR-2.
DNA3817%F Describes ATR-3 including new data base using DMNA
July 1975 cross section library, new air/ground correction
factors, low energy x-rays, and new REGROUP routine.
F? DNA4C61L Describes TDATR, the time-dependent prompt photon
5 January 1976 and secondary gamma-ray version of ATR.
ONA3395F Describes fission product model and surmarizes total
January 1976 capability of the ATR-4 code.
BRL CR 343 Describes ATR-4.1 with energy-dependent air/ground
August 1977 correction facters. Work supported by BRL.
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able argument. It was found that they predicted
the resuits measured in laboratory axperiments
but did not predict the results of the HENRE ex-
periment. The opposite was found to be true of
the Straker set (Ref. 54).

Accepting the laboratory experiments as the
more reliable comparison, DNA and the Cress
Section Evaluation Working Group (CSEWG) ac-
cepted the Young-Foster data to supplant that of
Straker in the Evaluated Nuc!ear Data File (ENDF)
library. Subsequently, it was decided by DNA to
sponsor an update of ATR to inciude air transport
data generated using the Young-Foster cross
sections. SAIC produced the homogeneous air
transport resuits in a format identical to the origi-
nal Straker calculations and Cak Ridge National
Laboratory produced a set of source altitude-
dependent integral dose caliculations (Ref. 44),
all under DNA sponsorship. SAIC then incorpo-
rated these data into ATR, applying the
air-over-ground correction factors for 14 MeV
neutron-produced integral dose to all neutron
source eneargies above 5 MeV and those for the
fission weapon source to all neutron source ener-
gies below 5 MeV. Improvements were also made
in the x-ray transport at the time. The results were
published as Version 3 of ATR.

During the period in which Version 3 of ATR was
being produced, a new interest in debris radiation
developed. The ariving force behind this interest
was the possibility that low altitude ABM missiles
might have to fly through the debris cloud of
another such missile. Both Radiation Research
Associates (KRA) and SAIC were sponsored by
DONA to study the debris radiation problem. The
SAIC product was the Integral Dose Environment
Analysis (IDEA) Code (Ref. 55), which used the
ATR3 data base and “pr” scaling to estimate the
transport of radiation from all weapon source
components through a perturbed atmosphere.
The time dependent hydrodynamic behavior of
the atmosphere surrounding a burst was de-
scribed using a complex model (LAMB) (Ref. 43}
produced by the Air Force Weapons Laboratory.
Near the end of ATR 3 development, it was de-
cided to incorporate a debris radiation mode! on
ATR. However, it was found that the hydrodynam-
ic and cloud rise model used in IDEA was too fong
running and compiex to use as it stood. There-
fore. it vas decided to use the simpler models
develcped by RRA (Ref. 41). These were essen-
tially the same models used to compute debris
radiation dose in the RRA report on weapon tests
referred to previously. Air-over-ground correc-
ticn factors for the debris radiation dose were
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based on the French “First-Last Collision Meth-
od, " as were those for prompt gamma rays. This
was known not to be very satisfactory for gamma
ray applications, however, no suitable body of
data similar to the Pace calculations existed for
gamma-ray transport in an air-over-ground con-
figuration. The resuiting code became Version 4
of ATR, the first version of the code capable of
calculating all of the most important initial radi-
ation components, The capabilities of ATR4 are
summarized in Figure 21.

Version 4 of ATR, released in January of 1976
was, in fact, the conceptual embodiment of ali
aspects of the RRA study of test shot dose distri-
bution analysis published alimost exactly & years
earlier. Some nuclear data changes had oc-
curred in the interim, but that original concept of
estimating the radiation dose distribution resuit-
ing from any device, based on a single compre-
hensive set of pre-caiculated data came to
fruition in ATR4,

In April of 1973, a report containing a large com-
pilation of air-over-ground transport calculations
was published by the Naval Weapons Evaluation
Facility (Ref. 5). It was thought at the time that
those results might be used to produce the
air-over-ground correction factors for use in
ATR3 as then contemplated. However, upon re-
view by DNA and SAIC, it was found that the
NWEF data contained many errors and inconsis-
tancies which made it unsuitat'e for such use.
Among these were the use of Pre-Young-Foster
cross sections, insufficient problem dimensions
and oscillations in the fine-mesh dose distribution
data. The resuits of this review were forwarded
to NWEF. In spite of this, a group at Los Alamos
Scientific Laboratory (LASL), including T.W.
Dowler and H.A. Sandmeier, used the NWEF data
base to calcuiate dose distributions from actual
tactical nuclear devices. The resulting report was
reviewed by DNA, which determined that it was
necessary to rebut its findings. At first, it was
thought that ATR3, then in preparation might be
used for this purpose. However, it was finaily de-
cided by DNA that such a rebuttai must be done
on the basis of state-of-the-art transport technal-
ogy in order to have the greatest effact. There-
fore, E.A. Straker, by then at SAIC, was
sponsored to perform a complete set of two-di-
mensional neutron, secondary gamma-ray
prompt gamma- ray and debris gamma-ray cal-
culations applicable to tactical device detona-
tions. it was further decided that, since the
nurnber of response functions of interest was lim-
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ited, whereas the number of sources was potan-
tially limitless, the prcblems would be run in the
adjoint mode. This would provide integrated dose
data at any range of interest for an arbitrary iso-
tropic source at any altitude. As part of this effort,
it was decided to investigate the effsct of soil
composition, particularly moisture content, on
radiation transport. A one-dimensional analysis
of this effect was performed, revealing that such
a dependence did exist. Therefore, pains were
taken to perform the 2-D calculation using an
area-weighted central German soil,

17

The results of the DNA-sponsored tactical nuclear
weapon radiation environment study (Ref. 26)
werg published in 1978. Shortly thereafter it was
proposed by SAIC to DNA that the full source-
energy-dependent air-ovar-ground corraction
factors for all radiation types available from the
new caiculations be incorporated in ATR. The
proposal was not accepted by DNA. Howevaer,
Ballistic Research Laboratories (BRL) Jid offer to
sponsor the project. The result of this was ATR4. 1
(Ref. 34), which differs from ATR4 as described
i Table 14.




Table 14. Comparison of transport data bases used for air-
over-ground correction factors in ATR4 and ATR%.1.
ATR4 ATRS.1
Description DOT calculations by THEEDEE data base from Adjoint

Pace, ORNL

DOT calculations by Gritzner,
Straker

Source Energy

Two sources

23 neutron source energy bands

Dependeiice o 14 MeV from 15 MeV to thermal. 19
0 Degraded fission photon source energy bands
from 10 MeV to 0.01 MeV
HOB Three source heights Continuous from 0 to 1000 m

Radiation Components

Tissue dose for neutrons
and secondary gammas

Tissue dose for neutrons,
secondary gammas, and prompt
gammas

Energy and Angular No No

Dependent Effects

at Detector

Sotl NTS Dry (no free water) area

weighted West German

Target Altitude

Continuous from 0 to 1000 m

Im

Ground Range

~1.3 km

1.3 km
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APPENDIX B

EQUATIONS TO CALCULATF METEOROLOGICAL VARIABLES
PRESENT IN A IIST ATMOSPHERE

The following paragraphs briefly describe a pro- Equations and constants used in this procecure
cedure to compute the more important meteoro- for calculating these variables were obteined
logical variables present in a moist atmosphere. from References 29, 23 and 50.

Equations Used

(1) Latent Heats (L)
(a) Vaporization (T > -20 °C) = 597.2 - .543t °C (cal/g) (5)
(b) Sublimation (T < -20 °C) = 677.0 - .0356t "C (cal/g) (8)

(2) Dew Point Temperature (T4) / Frost Point Temperature (Tg) for T < - 20 °C

Te = Ci / {Ca - 1n [(RH/100) x exp (Cy. C¢/TH]} (K) 7
where: Cy =L / Ry (8)
Cy =L /273.155 x Ry (9)

and Ry is the gas constant for water vapor = 0.11025 cal/g K.
(3) Relative Humidity (RH%)

RH = exp [Cy x (1/T - 1/Tg)} x 100 T, Ty in K (%) (10)
(4) Saturation Vapor Pressure (eg)

ey = 6.11 x exp (Cz - Cy/T) (mb) (11)
(5) Saturation Mixing Ratio (W)

Wy = € x 84 / (P - 8¢) (ppm) multiply by 103 to get g/kg. {12)

where: P is pressure (mb)

and € = (M, / Mg} = (18.016 g/mole /28.966 g/mole) = .622 (13)
(6) Mixing Ratio (w)

w = RH x W, / 100 (ppm) (i4)

alsow = py, / pg (15)

where p, = density of water vapor present

pg = density of dry air containing the vapor
(7) Vapor Pressure (8)
e=wxP/ (¢ +w) (mb (16)
{8) Virtual Temperature (T")

T =T x [(1 +we /(1 +w] (K (1

79




(3) Density of Moist Air (pm)

=P/ (RgxT") =3.4838x 104 (P/ T") (g/cm3) (18)

where Ry is the gas constant for dry air = 06857 cal/gm
(10) Density of Dry Air {pg)

Pd = Pm / {1+ w) {grem3) (19
{11) Absolute Humidity p, = pm - pg (g cm-3) (20)
(12) Specitic Humidity (q)

q = py / pm from (6) we see that g: w (21)
{13) Potential Temperature (O)

6 =Tx (1000 / (P - e)Xd (K) (22)

where: T is in K

and Kd Rd / Cp (23\
and C,, = spacific heat capacity at constant pressure = 2.4 cal/g K.
(14) Eaquivalent Potentia! Temperature (Qe)

B =8 xexp [LxWy/CpxT] (K (24)

whera tis in K.
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APPENDIX C

GENERATION AND TESTING OF ATRS RESPONSE FUNCTIONS

NEUTRON RESPONSE FUNCTIONS.

Neutron response funcions span the energy
range from 1.00 x 10-71 MeV to 14.9 MeV using
22 energy groups. Energy-specific KERMA values
ware collapsed into this 22 group format using a
fluence spectrum that consisted of a 300 K
Maxwell-Boltzman distribution for neutron ener-
gies below 5 KT (0.129 eV) and a 1/E distribution
for neutron energies above 5 KT. This fluance
spectrum i3 representative of the spectrum that
exists at distances of 500 m o 5000 m in air from
a typical figsion source.

The ANS Standard response function is based on
the neutror flux-to-dose rate tactors publishec by
the American Nuclear Society (Ref. 3).

The Soft Tissue response function is based on
Kerr's modsi {Ref. 35).

The Mid-Phantom and Mid-Head response func-
tions are based on the work described in Appen-
dix D.

The Concrete response function is for the con-
crete compaosition given in Table 15. The elemen-
tal KERMA factors were generated from the DNA
Working Cross Section Library (Ref. 13) using the
MACK code (Ref. 1).

Tairla 'E. Composition of concrate”.

Elemant
Hydrogen
Oxygen
Sodium
Magnesium
Aluminum
Silicon
Sulfur
Potassium
Calcium
Iron

Totat

This concre@
g cm3

I termend White-Grodstein “typical  compositic in ileference 31 and "NBS”
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The Dry Air response function is for the air com-
position given in Table 16. The elemental KERMA
factors were generated from the DNA Working
Cross Section Library using the MACK code.

The Non-ionizing Silicon and lonizing Silicon re-
sponse functions are basad on the work raported
by Regers et al. (Refs. 45 and 46} and therr tabu-
lated results (Ref. 58). The 1 MeV Equivatent Flu-
ance response function is based on the
recommendations of Scott (Ref. 49).

GAMMA RAY RESPONSE FUNCTIONS.

Gamma ray raesponse functions span the energy
range from 0.01 MeV to 12.0 MeV using 18 ener-
gy groups. Energy-specific KERMA values weie
collapsed into this 18 group format using a flu-
ance spectrum that consisted of an E3 distribu-
tion for photon enargies below 0.045 MeV and a
1/E distribution for photon energies above 0.045
MeV. This fiuence spectrum is representative of
the spectrum that exists at distances of 500 m
to 5000 m in air from a prompt gamr-a fission
source.

The ANS Standard response function is based on
the gamma-ray ilux-to-dose-rate factors pub-
lished by tha Amaerican Nuclear Society (Ref. 3).

The Soft Ticsue response function is based on
Kerr's modei (Fef. 35).

The Mid-Phantom and Mid-Head response func-
tions are based on the work described in Appen-
dix C.

The Concrets response function 1s based on Hub-
Lell's work (Ref. 31). The concrete composition
is given in Table 15.

The Dry Air response function is based on Hub-
bell's work (Ref. 31). The air composition is given
in Table 16.

The lonizing Silicon response function is based
on Hubbeit's work (Ref. 31).

COMPARISON OF OLD AND NEW
RESPONSE FUNCTIONS.

Table 17 provides representative neutron and
gamma-ray fluences for this comparison of re-
sponse functions. The neutron fluence is for a
distance of 1000 m from a 1 KT fission/fusion
{0.5/0.5) neutron source; the fluence was calcu-
tated using ATR4 with subsequent regrouping to
tha ATRS neutron energy group format.The gam-
ma-ray fluence is for a distance of 1000 m from

Table 16. Composition »f dry air”.

Waiqght Fraction

Element Eor Gamma KERMA Eor Neutron KERMA
Oxygen 0.232 0.245
Nitrogen 0.755 0.755
Argon 0C13 0.0C0
Total 1.0U0 1.000

The it ¢ mir ~OMPGEHinR used for gamma tay KT IIAAA (¢ that sed hy Hobba!l i Nalerence 11 ag reporied in Halerence N Qince elemental
ratron KERIMA factorg are not avallanie for Argon  tor The nettron K IIAMA of ey sir the Argon lraction ~As avsigned ‘0 Gxygen
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Table 17. Representative neutron and gamma-ray fluences
used to illustrate difference in kerma factors
peuween ATR4 and ATRS®.

Neutron Fluence Gamma-Ray Fluence
Group No. ~ ATR4 Group ATRS Group ATR4 Group ATRS Group

1 2.94E-13 2.94E-13 1.54E-14 1.206E-14
2 3.25E-13 3.25E-13 6.16E-14 8.78E-14
3 3.89E-13 3.89E-13  4.15E-14 2.82E-14
4 5.43E-13 5.43E-13 1.89E-14 3.21E-14
5 4.58E-13 4.58E-13 §.4GE-15 1.30E-14
6 5.88E-13 5.88E-13 £.18E-14 1.25E-14
7 8.55E-13 1.13E-12 7.24E-15 7.98E-15
8 9.04E-13 1.12E-12 4.94E-15 8.70E-15
9 2.26E-12 1.78E-12 3.08E-15 6.29E-15
10 1.38E-12 1.60E-13 4.78E-15 5.01E-15
11 7.39E-13 1.22E-12 4.13E-15 4.21E-15
12 3.85E-13 7.39E-13 5.01E-15 8.64F-15
13 1.79E-13 3.85E-13 4.21E-15 5.14E-15
14 3.74E-14 1.65E-13 6.34E-15 4.20E-15
15 1.09E-13 1.60E-13 5.14E-15 3.42E-15
16 1.04E-13 1.04E-13 8.08E-15 1.46E-15
17 9.83E-14 9.83E-14 3.01E-15 7.39E-16
18 1.09E-13 [.10E-13 7.39E-1€ 0.00E-00
19 7.24E-14 7.13E-14

20 4.31E-14 4.31E-14

< 4.79E-14 4,79E-14

22 1.21E-13 1.16E-13

The neutron fluence was calculated using ATR4, and then regrouped into
ATk formist. The gamma ray fluence was calculated using ATRS, and then
regrouped into ATR4 format.
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£ 1 kT prompt gamma fission source; this fluence
was calculated using ATRS with subsequent re-
grouping to the ATR4 gamma ray energy group
format.

Table 18 shows the responses caiculated using

A4

the fluences from Table 17 and the old (ATR4)
and the new (ATRS) response functione.

Table 19 shcws he changae ‘n calculated re-
sponses for comparable response ‘unctons.

R

R,

SRy



Table 18. Neutron and gamma-ray kerma and dose values
calculated from ATR4 and ATRS with identical
fluence values®.

Neutron Responses

ATR4 ATRS

Henderson Tissue = 8.28E-21

Snyder-Neufeld = 1.51E-20

Tissue = 9.14E-21 Soft Tissue = 9.32E-21

Mid-Phantom = 3.65E-21 Mid-Phantom = 3.33E-21

Concrete = 1.22E-21 Concrete = 1.24E-21

Air = 1.684E-21 Air = 1.58E-21

Non-Ionizing Silicon = 1.13E-22 Non-Ionizing Silicon = 1.18E-22

Ionizing Silicon = 3.00E-22 Tonizing Silicon = 3.10E-22
ANS Standard = 1.09E-19
Mid-Head = 4,52E-21

1 MeV Equil. Flu. = 3.56E-12

Gamma Ray Responses

ATR4 ATRS

Henderson Tissue = 7.18E-23

Concrete = 8.30E-23 Concrete = 7.53E-23

Air = 6.85E-23 Air = 6.30E-23

Silicon = 7,93E-23 Ionizing Silicon = 7.84E-23
ANS Standard = 8.10E-23
Soft Tissue = §.96C-23
Mid-Phantom = 4,69E-23
Mid-head = 5,22E-23

* Since the ATR4 and ATRS fluences are based on one fluence regrouped into

the other energy group format, the flucnces are essentially equivalent.
Accordingly, this table shows the effect of changing the respoase
function.
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Table 19. <Changes in s:lected kerma and dose values due to
fluence-to-kerma or -dose factor changes™.

Percent Change

Response Neutron Gamma Ray
Tissue +2% NA
Mid-Phantom -9% NA
Concrete +2% -9%
Air -4% -8%
Non-Ionizing Silicon +4% NA
Ionizing Silicon +3% -1%

* ("ATRS" - "ATR4") / "ATR4".

So, for example, if ATR4 and ATRS were used to ralculate Concrete kerma, at
a range of 1000 a from a 1 kT prompt gamma source, the ATRS kerma would be
n 9% less than the ATR4 kerma, assuming the transported fluences were the
t 3 same .
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APPENDIX D
KERMA IN AN ANTHROPOMORPHIC PHANTOM

This Appendix describes the procadure used to
calculate neutron and gamma-ray Mid-Phantom
and Mid-Haad energy-angle differential response
functions. This task was performed under a DNA
sponsored effort, Contract No. DNAQ01-83-C-
0252.

The transport of externally incident fluence to
points at the mid-head and mid-thorax of an an-
thropomorphic phantom has been assessed us-
ing the VCS code system (Ref. 47) which
incorporates the MORSE Monte Carlo transport
code (Ref. 57). The MORSE code performs trans-
port caiculations in three dimensions.

Computations were performed using a three-
dimensional adult male anthropomorphic phan-
tom devsioped by Cristy, (Ref. 7) having a total
mass of approximately 74 Kg. This phantom and
its internal lung and skeletal detail are depicted
in Figure 22. Specifications of elemental constitu-
ents, as recently published by Kerr, (Ref. 35) are
provided in Table 20 aiong with revised density
values {Ref. 8).

Transport computations have been performed
using the DNA Few Group Cross Section Library
(DLC-31) with P3 Legendre expansion. Caicula-
tions have been performed in the adjoint mode.
In this mode the physics of the radiation transport
are reversed by inverting the energy dependent
aquantities and reflecting the anguiar variables
through the origin. This causes neutrons and
gamma rays in the computation to gain energy
in scattering and causes gamma rays to “pro-
duce” neutrons.

The adjoint approach is employed by starting a
particle at a detector point and following it until
it leaks from the system along a direction ' and
at a leakage surface defined by its normal vector
n. The correlated descriptions of the starting and
leaking particles are saved.
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The system leakage fluence (n - 0')¢"(E', ')
may be viewed as having the qualities of detector
weighted by the transport through the intervening
media. it may be convoluted with any fiuence
$(E’. Q') defined as incident on the system from
which the leakage is scored to obtain the detector
response for that particular incident fluence, as
in the expression:

Total Kerma = [ [ dQ'dE'$(E’,Q")(n- Q')$"(E’,
Q)y Qe

(25)

at some range r from the radiation source. This
process i3 shown schematically in Figure 23."

To obtain an energy differential response func-
tion, the angular integration is carried cut in ad-
vance, yielding the energy dependent (isotropic)
transport-weighted Kerma factors, ¢°(E).

Computations of transport in the anthropomor-
phic phantom have been performed for two de-
tector locations. The first location is mid-head,
which is specitied to be the geomsetric center of
the ellipsoid head of the phantom. The second
location is mid-thorax, which is specified to be
at the geometric center of the elliptical torso
cross section, midway between the top of the
pelvis and the top of the torso. Starting histories
were sampled uniformly from 58 (37 neutron, 21
gamma-ray) energy groups. A total of. 60,000
starting histories were used for the mid-head lo-
cation, while a tota! of 45,300 were used for the
mid-thorax location. Due to splittings of histories
in the Monte Carlo process, approximately twice
the number of starting histories were actuatly tal-
lied as having leaked from the system, a few
more for the mid-thorax location, a few less for
the mid-head location. The resuits of these calcu-
lations may be considered to be highly reliuble,
statistically, in terms of total Kerma transmission.




AXIMUTH 60.0 ELEVATION 30.0
SCALING  20.00

Figure 22. Adult male reference man.
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Table 20. Elemental composition for various components
of reference man.

Percent by Weight

Element Lung Skeleton Soft Tissue

H 10.21 7.28 10.51

C 10.24 24.64 22.83

N 2.01 3.08 2.34

0 - 75.63 46.88 63.69
Na 0.19 0.32 0.011
Mg 0.007 0.11 0.013

P 0.080 5.03 0.13
0.23 ,0.31 0.20

Cl 0.27 0.14 0.14

K 0.20 0.15 0.20
Ca 0.009 12.07 0.024
Fe 0.037 0.008 0.008
Density (g/cm’) 0.296 1.40 1.04
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APPENDIX E

DELAYED GAMMA RADIATION TRANSPGRT METHODOLOGY DEVELOPMENT

iNTRODUCTION.

The improvement of the ATR delaysd radiation
model has been based on the study of empirical
data from the atmospheric tests conducted in Me-
vada and Pacific test sites and the study of aiter-
native modeis. This "Appendix describes the
development and study of an alternative model!
to that contained in ATR. Study o* this alternative
model yielded significant insights into possible
shortcomings of the ATR model, particularly the
hydrodynamic model. Unfortunately, the altarna-
tive hydrodynamic model was too complex for di-
rect inclusion in ATR. However, it did provide
additional data from which to develop the scaled
height-of-burst correction factor described in the
body of this report. in addition, it orovided the fis-
sion product radiation source terms incorporated
in ATRS.

Delayed gamma radiation is that component of
initial nuclear weapon radiation (radiation emitted
within the first 60 seconds following initiation)
emitted by products of fission and neutron activa-
tion which are parts of the debris of the nuclear
explosion. These debris initially reside within the
fireball, a luminous sphere of hot gases gener-
ated by the interaction with the air of x-rays ra-
diated from the hot debris within a millionth of a
second after initiation.

The fireball also defines the edge of a region of
very low density air, a density well, created by
the expansion of the very hot gases within. The
high pressure region created at the edge of that
density well forms a shock wave which breaks
away frorm the fireball and travels outward, super-
imposed on the ambient air. The net effect of
these perturbatiors is to decrea.e the amount of
air on a line from source to targat, thereby en-
hancing the transrnission of delayed radiation
over that which would ocnur in unperturbed air.
This effect is cften referred to as hydrodynamic
enhancement.

The densiiy well is buoyant and begins to rise
within a fraction of a second of its creation. its
momentum !s augmented by the returning shock
wave, row reiflected off the ground. The rise of
the fireball, which includes the radiation source,
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causes the distance between source and target
to increase, therehy causing the radiation trans-
mission to decrease once the expansion of the
tireball has slowed or stopped.

As the fireball rises the outer surface cools and
is subject to drag forces from the surrounding at-
mosphere. That causes the spherical fireball to
become a toroid-shaped cloud of condensed
gases, containing the weapon debris.

Throughout this process the weapon debris, in-
cluding the fission products, are in motion relative
to the fireball. First, the debris are propsiled to-
ward the top of the fireball with an initial impulse
provided by the reflected shock. Eventually the
debris pierce the top of the rising fireball and flow
down the side, with most becoming incorpcrated
in the torus itself or in the cloud skirt below the
torus. Those effects become less pronounced as
the scaled burst height increases, where the
scale burst hieight is defined to be the burst height
di;;i3de:§ by yield to the one third power (HOB/
y!<).

This complex system, consisting of a radioactive,
hence time-varying, source of gamma rays and
similarly time-varying geometry, in which the
amount of air between source and target is
changing, even as the source rises from its origi-
nal location, must be modsled in some detail in
order to properly describe the intensity of the
delayed radiation component. The motivation for
doing so is that delayed gamma radiation com-
prises the mzjority of the gamma ray field
strength from large yield weapons.

Three technical areas must be addressed in the
modeling nrocess. These are:

Fission Product Gamma Ray Sourcs

Gamma Ray Transnort

Nuclear Weanon Hydrodynamics
Data required for modeling the processes of in-
terest in these areas have been acquired through
laboratory and field measurements, However,

these data are; by no means complete. Here fol-
lows a discussion of such modeling.
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FISSION PRODUCT GAMMA RAY SOURCE.

Measurements of gamma and beta radiation
source rates as functions of time after fission
rave been made in the leboratory. Maienschasin,
et al., (Rets. 38 and 39), reported measure-
ments made in tha late 1950's and early 1960's
at Oak Ridge National Laboratery in terms of
spectra, total number and total energy emission
rates. In the early 1960°s, Fisher and Engle (Refs.
21 and 22), of Los Alamos Nationai L.aboratory
performed similar experiments using a fast reac-
tor source, which allowed them to obtain results
at very early times (.35 sec). They also per-
tormed such measurements for sevsral fission-
able materials including U-235, Pu-239 and
U-238.

Dickens et al., (Ref. 14 and 15), have published
resuits of recent measurements made ORNL, in-
cluding those of spectra, again using thermal
neutron fission. Also, Japanese scientists Akiya-
ma and An (Ref. 2) have published resuits of their
measurements using a fast reactor source. The
Japanese data are in terms of total energy rate
only, and are limited to times of twenty seconds
or greater.

Results of several measurements in terms of en-
ergy ermission rates at forty seconds, the earliest
time common to all the available measurements,
are provided in Table 21. There ig a limit to what
can be construed from these data because of
disparities in the uncertain.ies quoted by the indi-
vidual measurers. The Maienschein et al., data
are asgigned a standard deviation of approxi-
mately twenty-five percent, those of Fisher and
Engle twelve percent (U-235 and U-238) and
twenty one percent (Pu-239) and those of Dick-
ens et al., and Akiyama and An less than five per-
cent. Nevertheless, tha data having the lowest
uncertainties are consistent with each other and
are not inconsistent with the value provided by
Maienschein et al., whereas the data of Fisher
stand apart from the high precision data. Unfortu-
nately, the latter provide the only available spec-
tral data for very early times and for U-238
tission. Therefore, it i3 desirable to reconcile
them to those of the other measurers. To accom-
plish this, the spactra of Dickens, et al., and of
Fisher and Engie are compared for U-235 and
Pu-239, common to both experiments (Table 22,
columis three and four). It is found that the two
sots of spectra ditfer from each other by the
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same energy-dependant ratio (last column) after
removal of a constant correction tarm in the Fish-
er and Engle Pu-239 mesasurem *nt (.85, column
5). That correction is consistent with the Fisher
and Engle discleimer concerning their estimation
of the number of tissions ‘n the Pu sample. The
energy dependent relationship found to exist be-
tween the Dickens, <t al., and the Fisher and En-
gle U-235 and Pu-233 may aiso be applied to the
latter’'s U-238 measurements. The result, in
tetms of total gamma ray energy emission rate
agrees within a few percent with the value re-
ported by Akiyama and An at 40 seconds post-
irradiation tima. Therefore, it is concluded that
a systematic error must be present in the Fisher
and Engle data but that it can be removed
through the use of the Dickens, et al - related,
energy-dependent corrections. The resuiting
source rate models for three representative en-
ergy groups along with supporting experimental
data are shown as functions of time in Figures 24,
25 and 26. Figure 26 also indicates some adci-
tional empirica! corroctions represented by the
dotted lines made to the Fishar and Engle data
to make their temporal behavior self-consistent
and also more ronsistent with those of Dickens
et al. The resulting source rate models are not
only consistent with recent experiments but are
also inclusive of earfy times and data for U-238.
Source rate spectra for five times, .35 through
40 seconds, are given for U-235. U-238 and
Pu-239 in Tables 23, 24 and 25, respectively.
Source rates for times other than those shown
are obtained by 1n-1n interpolation. For times
earlier than .35 seconds the source rata is ob-
tained by 1n-1n extrapolation, based on the earli-
est two times, .35 and 1.5 The contribution from
sources beyond 30 seconds is negligible There-
fore, no extrapolation to times greater than 40 se-
conds is performed.

An addition comslication has not been taken into
account in the delayed gamma radiation source
model. Calculations using nuclide-specific gam-
ma emission rates (Ref. 18} indicete that fast fis-
sion produces more gamma ray energy at early
times than does thermal tission (Table 26). This
is supported to some extent by a comparison of
the new American (thermal fission) and Japa-
nese (fast figsion) data in Table 21. Having in ef-
tect normalized Figsher and Engle’'s results to
those of Dickens, et al., the former are now con-
sistent with those for thermal rather than fast fis-
sion.




Table 21. Fission product gamma ray source energy emission
rate (0.1 to 5 MeV) at 40 sec after fission.

Nuclide
Experimentor

Majenschein, et al.
Fisher and Engle
Dizkens, et al.

Akiyama and An

MeV/fis-sec
U-235  U-238 Pu-239

0.0193* - -
0.0216 0.0275 0.0194
0.0166 - 0.0130
0.0171 0.0205 0.0131

*Energy contribution 0.1 < E < 0.28 estimated by extrapolation.
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Table 22.

Mean values of Dickens to Fisher and Engle source

ratios by energy group for U-235 and Pu-239.

S/ Skae
Grow  Enaray o/ Srat Rosg/Rass o oy 0/CRaE
No.  (MeV) U-235 PU-239 Adjusted  Mean
1 6.419  .394(.179)°  .360(.i61)  .91s 424 .409(.170)
2 5.636  .£20(.096)  .654(.217)  .798 769 .795(.164)
3 4.918  .627(.416)  .630(.103)  1.005 781 .634(.281)
4 4.257  .866(.095)  .734(.059)  .848 .864 .865(.079)
5 3.655  .058(.048)  .317(.044)  .853 .961 .960( .086)
6 3.110  .852(.076)  .730(.031)  .857 .859 .856( .058)
7 2.620  .904(.046)  .779(.025)  .862 .916 .910(.037)
8 2.189  .869(.028)  .738(.026)  .843 .868 .869(.027)
9 1.808  .779(.034)  .674(.045)  .865 197 .786( .040)
10 1.478  .787(.049)  .688(.033)  .874 .809 .798( .042)
1 1.195  .722(.084)  .615(.035)  .852 .72 .723(.040)
12 .954  .751(.035)  .620(.012) .28 .729 .740(.026)
13 749 .674(.100)  .515(.084)  .764 .606 .640( .083)
14 575 .671(.086)  .569(.082)  .848 .669 .670( .084)
15 428 .577(.106)  .495(.104)  .858 .582 .£80( . 105)
16 .309  .484(.038)  .448(.C94)  .926 .527 .506(.074)
17 213 .394(.077)  .345(.160)  .876  .406 .400(.127)
137 mean® ,854(0.040)

b
c

aRatio of the Pu-239 source ratio to that of U-235.

read as mean and (fractional standard deviation of the sampie = Ona1 /mean).

mean of group values E < 4,257 MeV.
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Table 23. Fission product gamma ray source rate spectra for
U-235 at mean times after fission of 0.35, 1.5,
4.75, 11.5 and 40 seconds.

Upper Gamma Rays/Fission-second-MeV
Group Energy
No. {HeV! 0.35 1.5 4.75 11.5 40,
1 14.0 0.0 0.0 0.0 0.0 0.0
2 10.0 0.0 0.C 0.0 0.0 0.0
3 8.0 5.50-5* 2.98-5 1.51-% 7.01-6 2.08-6
4 7.0 3.87-4 1.80-4 8.22-5 2.70-5 6.30-6
5 6.0 1.10-3 7.70-4 3.70-4 1.79-4 5.40-5
6 5.0 5.49-3 2.53-3 1.12-3 5.47-4 1.83-4
7 4.0 1.51-2 8.89-3 4.32-3 1.84.3 5.60-4
8 3.0 2.63-2  1.49-2  6.59-3  3.32-3  1.23-3
9 2.5 4.19-2 2.34-2 1.17=2 5.34.3 1.80-3
10 2.0 6.31-2 3.65-2 1.87-2 8.34-3 2.78-3
11 1.5 1.27-1 7.21=2 3.30-2 1.63-2 5.43-3
12 1.0 2.12-1 1.12-1 4,88-2 2.30-2 7.39-3
13 .. 0 2.66-1 1.61-1 8.90-2 3.91-2 9.20-3
14 .45 2.73-1 1.43-1 1.91-2 3.70-2 1.09-2
15 .30 4.08-1 1.8%-1 1.08-1 5.06-¢ 1.35-2
16 .15 1.94-1 7.82-2 4.66-2 2.1122 5.61-3
17 .10 0.0 0.0 0.0 0.0 0.0
18 .Q? 0.0 0.0 0.0 0.0 0.0
19 .04% 0.0 0.0 0.0 0.0 0.0
20 .030 0.0 0.0 0.0 0.0 0.0
21 .020 0.0 0.C 0.0 0.0 0.0
010
“read as 5.5¢107°,
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Table 24. Fission product gamma ray source rate spectra for
U-238 at mean times after fission of 0.35, 1.5,
4.75, 11.5 and 40 seconds.

Upper Gamma Rays/Fission-second-MeV
Group Energy

No. (MeV) 0.35 1.5 4.75 11.5 40.

1 14.0 0.0 0.0 0.0 0.0 0.0

2 - 10.0 0.0 0.0 0.0 0.0 0.0

3 8.0 1.26-4* 5.87-5 2.58-5 8.84-6 2.78-6
4 7.0 1.27-3 3.71-4 1.31-4 4,33-5 7.01-6
5 6.0 3.50-3 1.43-3 6.60-4 2.78-4 6.16-5
6 5.0 1.25-2 4.95-3 1.77-3 7.91-4 1.83-4
7 4.0 3.58-2 1.82-2 7.38-3 2.76=3 6.72-4
8 3.0 7.33-2 3.38-2 1.15-2 4.76-3 1.68-3
9 2.5 1.13-1 4.83-2 1.98-2 7.89-3 2.40-3
10 2.0 1.41-1 7.77=2 3.10-2 1.17-2 3.18-3
11 1.5 2.74-1 1.39-1 5.20-2 2.08-2 6.56-3
12 1.0 4.40-1 2.07-1 8.00-2 3.05-2 9.69-3
13 .70 5.61-1 2.80-1 1.44-1 5.30-2 1.35-2
14 .45 6.7%-1 3.00-1 1.40-1 5.90-2 1.58-2
15 .30 9.95-1 4.01-1 2.07-1 7.38-2 2.00-2
16 .15 5.02-1 1.57-1 9.70-2 3.17-2 7.69-3
? .10 0.0 0.0 0.0 0.0 0.0
18 .070 0.0 0.0 0.0 0.0 c.0

19 .045 0.0 0.0 6.0 0.0 0.0

20 .030 0.0 0.0 0.0 c.0 0.0

21 .020 0.0 0.0 0.0 0.0 0.0

*read as 1.2610°".
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Table 25. Fission product gamma ray source rate spectra for
Pu-239 at mean times after fission of 0.3%, 1.5,
4.75, 11.5 and 40 seconds.

Gamma Rays/Fission-second-MeV

0.35 1.5 4.75 11.5 40.
0.0 0.0 0.cC 0.0 0.0
0.0 0.0 0.0 0.0 0.0
4.56-5* 2.63-5 1.25-5 5.65-6 1.64-6
1.93-4 1.07-4 4.85-5 1.61-5 3.97-6
7.12-4 3.39-4 1.69-4 7.48-5 2.36-5
4.08-3 1.75-3 5.76-4 2.77-4 8.47-5
1.06-2 5.68-3 2.79-3 1.16-3 3.81-4
2.38-2 1.07-2 4.73-3 2.40-3 1.02-3
3.31-2 1.74-2 8.55-3 4,03-3 1.52-3
4.86-2 2.81-2 1.52-2 6.79-3 2.15-3
9.73-2 6.00-2 2.50-2 1.20-2 4.01-3
1.70-1 9.17-2 3.95-2 1.79-2 5.68-3
2.43-1 1.68-1 8.06-2 3.27-2 7.58-3
2.34-1 1.42-1 6.80-2 3.28-2 9.31.3
3.57-1 1.82-1 9.91-2 §.63-2 1.08-2
1.77-1 7.45-2 4.27-2 1.77-2 4.40-3
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0




Table 26. Fast/thermal fission product gamma ray energy emission

ratios.
Calculated Using ENDF/B-V
Nuclide
Time (sec) U235 Pu239
0.1 1.049 1.072
1.0 1.062 1.062
5.0 1.025 1.037
10.0 1.004 1.029
20.0 0.993 1.020
Calculated by England and Schenter
© 0.1 1.038 0.945
1.0 1.087 0.986
5.0 1.052 1.002
10.0 1.032 0.997
20.0 1.020 1.002
50.0 1.018 1.019
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No action was taken to corract the source for the
tast-thermal fission effect at the time the correc-
tions were madse to the Fisher and Engle source
data. This was due to questions regarding the ac-
curacy of calculations using individual nuclide
data. Those questions were apparently well
founded. at least for Pu239, based on the more
recent analysis of England and Schenter (Ref.
19), data from which aiso appear in Table 26. Tre
ATRS delayed gamma ray energy emission
source rates are taken from England and Schent-
ar data applicable to fast neutron fission.

GAMMA RAY TRANSPORT.

The capability of current codes and cross sec-
tions to model gamma ray transport in uniform
air was tested using BREN Co-60 source-
measurement data (Raf. 28) as shown in Figure
27. Those calculations were performed for a
source 343m above ground using the two-
dimensional discrete ordinate code DOT (Ref.
25) with the 36 energy group Vitamin C cross
section set (Ref. 48). Ideally, it would be desir-
able to use the DOT code to caiculate the delayed
radiation transport. However, because the de-
bris/fireball/ ground geometry is dynamic. it
would require thirty or more separate caliculations
to adequately represent the propagation of
delaysd radiation from any given weapon burst.
Thaerefore, an alternative method has been found
which provides a more practical approach o the
problem. According to this approach the gamma
ray transport is modelad in a one-dimensional
system of uniform air, The amount of air along
a line from the debris (the gamma ray source)
to the target at a specific time is determinel us-
ing a hydrodynamic model, which wil be dis-
cussed later in this section. The energy and
angla-ditferantial fluance rate at the target is de-
terminad for the tima-specific source rate spec-
trum transported through an identical thickness
of air, using the uniform airr transport data base.
This uniform-for-perturbed air substilution 18 a
good approximation for gamma rays, the trans-
port of which is dominatad by absorption and tfor-
ward scattering.

An esarly version of the one-dimensional uniform
‘alr data base was taken from the Air Transport
of Radiation (ATR) code (Ref. 33). These data
were shown to be in error when compared with
those gensrated using the mora recent Vitamin
C cross sections as shown in figure 2i . The cur-
ront data base has been devsioped using the iat-
eat cross section set, Vitamin £ (Ref. 60), the
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results from which agree well with those calcu-
lated using Vitamin C, as shown in Figure 28.

A single one-dimensional, uniform air gamma ray
transport data base has been developed to serve
prompt and delayed applications. Calculations of
gamma ray energy and angle-ditferential fluence
as a function of disianca through 550 grams/cm?
or approximately 5000 meters have been per-
formed for sources in each of the 38 Vitamin E
energy groups. as shown in Table 27. The calcu-
lations were performed using a S4g quadrature
and a P3 Legendre scattering representation. The
results of the calculations have been collapsed
into the 18 gamma ray energy group. structure
common to ATRS. That structure is also shown
in Table 27. The collapsing procedure has been
performed using a gamma ray source spactrum
inversely proportions to energy. The effect of the
ground on gamma ray transport is accountad for
using the ¢ orrection factor approach described
in tho body of this raport.

NUCLEAR WEAPON HYDRODYNAMICS.

A schematic representation of nuclear weapon
hydrodynamics, exclusive of fireball rise, is given
in Figure 29. In an air-ground environment the ini-
tial air shock wave created by the rapid expansion
of hot gasses around the weapon reflects off the
ground and rises after the initial wave, forming
the Mach stem, in which the initial and reflected
shock unite.

Observations of field tests and small scale high
explosive expenmants have been used to devel-
op large emnirical and semi-empirical models of
weapon hydredynamics. These are embodied in
computer cudes which are by and large too cum-
bersome for use in conrjunction with transport
data for delayed gamma ray modeling. However,
smail codes which scale data generated by more
complex codes have been developaed. STLAMB
{Ref 9) a more racent variant of the Low Altitude
Mufti Burst (LAMB) code developed by Needham
and Wittwer (Ref. 43) is one of thesa. This code
interpolates between and extrapoiates from hy-
drodynamic dasta obtained from model caicula-
tions for one kiloton and one maegaton yields in
uniform air. It accounts for the presence of the
ground and. hence, the reflected shock by
means of an image burst belcw the ground plane.
STLAMB is used as the hydrodynamic mordel in
the delayed gamma radiation system used to cal-
culate survivor air density profiles as a function
of tima and computes the amount of air between
scurce and detactor. it aiso calculates cloud rise.




YT

-qy319Y J1090395p W | 32 9SOp (9-0) uU3.1g

(ANM) IONVYH LNV'IS

*1g 23y

rAl | 01 80 90 ¥'0 c0 00
_ m _ , 0T
| | _
SUCT]}098-8S0I0 J)-UTWBITA +
Bufsn uoy3vINOIBO 104 o
paansesjy o .
- .01
- ~
- -
). 8 -
/ﬁ . 01
g
C

103

dNOH/SNIDLNIOU., N




‘puUOdasS auo 38 90JINOS Aea womel SeonN

2[Sug pue JISYST] B WOJJ BWISY IMNSSI1] Jle WIoJlup -gg 2J4n31y
(A) dONVYH LNVIS
e 6T 91 £1 01 L0 LA 10
. 0T
™
i
Mae "
v,
= 01
I/
N
< b~
.’.’
= or
- kva
340dSuURA)l J-URWRI A coereees ~
340dSUB4] J-UIWRYA — =% — NO#
SN
Py

VINAVD/SAVY JNSSLL LJOS. NN



Table 27. Vitamin E and ATRS gamma ray cross section
library energy group structures.

Upper Energy Vitamin E ATR5
(MeV) Group No. Group No.

2.00+1* 1
1.40+% 2
1.20+1 3 18%*
1.00+1 4 17
8.0C+0 5 16
7.50+0 6
7.00+0 7 15
6.50+0 8
6.00+0 9 14
5.50+0 10
5.00+0 11 13
4,.50+0 12
4.,00+0 13 12
3.50+0 14
3.00+0 15 11
2.50+0 16 10
2.00+0 17 9
1.66+0 18 o
1.50+0 19 8
1.33+0 20 c
1.00+0 21 7

8.00-1 22
7.00-1 23 6 :

6.00-1 24

. 5.12-1 25

. 5.10-1 26
i 4,50-1 27 5 ]
1 4,00-1 28 4
: 3.00-1 29 4 i
: 2.00-1 30 4
1.50-1 31 3 .
1.00-1 32 2 g
7.50-2 33 .
7.00-2 3 :

6.00-2 35
4,50-2 36 1 :

3.09-2 37

2.00-2 38

Lower Bound 1.00-2 28

*Read as 2.0*101.

**ATR energies are numbered from
low to high energy.
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Figures 30 through 36 show the dsvelopment of
the system of hydrodyriamically perturbed air
surrounding a burst at 110 rneters scaled height
of burst (Burst height + yield 1/5 ) as modeled us-
ing STLAMB. Time-dependent gamma ray KER-
MA measurements were made on an equivalent
test (Ref. 11), which can be used to help vaiidate
the delayed gamma ray model. The deveiopment
of the weapon hydrodynamic process includes a
spherical density well which is later perturbed by
the reflected shock front. By 1 second the re-
flected shock is shown to be passing through the
approximate center of the original fireball region.
Thereafter, the shock moves rapidly above the
now rising fireball, which eventually forms a toroid
shaped system and moves well above its starting
point.

Figures 37 through 44 show a similar progression
for a burst at 73 meters scaled heigtit of burst,
also a subject of gamma ray KERMA rate meas-
urements, alcng with that of 4 very similar shot
(71 meters SHOB). In this case the reflected
shock is moving back through the fireball less
than a tenth of a second after its initiation. By a
second it has passed entirely through the firebalil.
It is shown to proceed to form a torus simitar to
that of 110m SHOB shot.

These depictions of density profiles have been
created with data from STLAMB and, thus, are
the basis for determining the thickness and langth
of the transport path from source to detector.
STLAMB also computes the altitude of tha highest
temperature in the system, which may be asso-
ciated with the debris. However, the debris is
probably distributed over a larger volume within
the fireball. In fact. observations of field tests
suggest that the debris actually Hows within the
tireball, at to the top, 'ater down the sides and,
finally, into the torus &nd skirt. Unfortunately,
there are not sufficiant data to construct a model
of this cloud geometry-debris location system on
the basis o7 actual observations. Thus, the pres-
ent delayed radiation model has been developer
under the assumption that the debris resides at
the altitude of the hot spot but at a point on the
centerlina of the system rather than distributed
as a sphere or torus. This assumption has been
made to simplify the calculation process and to
keep the running time of the computer modet at
a reasonable ievel. However, the effect of mov-
ing the source to other locations has been ex-
amined. Calculations have been made for debris
locations on the centerline but high, 0.8 of the
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fireball radius above the fireball center and /ow,
0.8 of the fireball radius below the fireball center.
Calculations using these alternative, though not
necessaril, realistic, debris location have been
made for comparison with experimental mea-
surements and to determine the sensitivity of
delayed gamma ray fields to such perturbations.

Calculations of time-verying exposure rates

(roentgen per second) as measured by shielded

icnization chambers (Conrad cavices) have been
performed using the revised Fisher and Engle
source values, transport methods as previously
described and STLAMB hydrodynamic modeling.
The ionization chambers were located near the
center of 25 inch lengths of steel pipe oriented
vertically above the ground. The outside diameter
of the pipe was 5.5 inches and the sides were
3/16 inch thick. Monte Carlo calculations were
performed using the pipe-ground geometry sys-
tem to obtain the adjoint leakage from the detec-
tor, which could be convoluted with the free field
fluence to obtain the exposure as measured by
the ionization chambers. The energy dependent
response of the ionization chamber was taken to
be that described by Ehrlich (Ref. 16) and de-
picted along with those for other detector ‘ypes,
relative to fluence-to-roentgen conversion, in
Figure 45. The preferential shielling of low aner-
gy photons, along with the rapid drop of detector
response at low photcn energies, tends to re-
move ihe excess low energy fluence component
present in the free field as described previously.
Resuits have been obtained for the source lo-
cated at the hot spot aititude and for the two vari-
ants described previously.

Figures 46 through 52 present exposure rate
measurement and calculation results for the
110m SHOB shot for horizontal distances from
457 to 3261 km. Figures 53 through 58 present
results for the 73m SHOB shot for horizontal dis-
tances from 457 to 2780 m. Resuits are pres-
ented in terms of axposure rate x time. This is
done to reduce the range of numerical values for
plotting. Data corresponding to the nominal or hot
spot location is depicted using a heavy solid line.
That corresponding 1o the /ow source location is
depicted using the dotted /ine, that for the high
using the dashed lina. The light solid line depicts
a case in which the effect of the ground reflection
of the shock is removed, which is the equivalent
of the model used in ATR and which will be dis-
cussed later.
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The calculations follow the general shape of the
measured data for times beyor.d a few tenths of
a second. At earlier times gamma rays from air
and ground capture of prompt neutrons dominate
the exposure rate. Those are not part of the
delayed radiation modei. At timus between a few
tenths of a second and a few seconds the calcu-
lations display the effect of the reflected shock
wave passing through the firebail. The measure-
ments made on the 110m SHOB shot aiso show
this, whiie the effect is hidden by the dominant
secondary gamma rays for the other shot. Be-
yond a few seconds the caliculations are lower
than the measuremaents, Guite a bit lower in the
case of the 110m SHOB shot.

Before examining the potential effects of source
movement within the firebali system and other
factors which may effect the caiculation-
measurement comparison it is useful to examine
the caiculated and measured exposure rate data
in time intervals which allow identification of data
trends in time and space. The axposure vaiues
calculated in four intervals using the nominal (hot
spot) source locations are presanted as ratios to
the equivalent measured values in Table 28.
There are several types of errors to look for from
the evidence of these ratios. A source magnitude
error should cause a uniform discrepancy at ail
ranges, as should an error in calculating the size
of the density well. An error in fireball rise should
cause a discrepancy which is range-dependent,
as shouid an error in specitying the source ioca-
tion relative to the fireball.

During the eaarliest period the calculation-
measurement ratios for the 110m SHOB shot ex-
hibit a range depandencs. Either a faster firaball
riss Or a rise of the debrisg within the firaball would
raduce the discrepancy. However, photographic
avidence (Ref.12) indicates that for a similar
shot, Upshot-Knothole CLIMAX, the debris re-
main in the fireball center through approximately
one second. This leaves the tiraeball rise rate as
suspect, particularly for large yields, & suspicion
which is supported by the sama photographic evi-
dence. During the period from one to three sec-
onds the calculation-measurament ratios for Shot
the 110m SHOB shot still exhibit a discrepancy
at close range through to s lesser extent than dur-
ing the prior period. The higher tirebsll caused
by an increased rise rate during the period to one
sacond would probably account for most of the
discrepancy. i addition photographic evidance
suggests that the source is rising reiative o the
center of the firebati,

137

in the case of the 73m and 71m SHOB shots the
calculastion-measurement ratios during the first
two periods show good agreement in the first two
periods, the mean ratio for the first period being
1.02 + .12 and that for the second being .88
+ .10, where the means are based on the ratios
for both shots and the uncertainty is the standard
error of the distribution.

During the periods beyond three seconds the
calculation-measurement ratios for all three ex-
hibit systematic varialions with distance, being
low close in and high far out. According to the
Figures 46 through 58 those discrepancies could
be eliminated removing the provision for
ground-shock reflection from the modei. The re-
sults of such a modification are depicted as a light
solid line in the figures. However, the early time
structure observed in the measuremants is nNo
longer observed in the caiculations after eliminat-
ing the reflected shock. Also, the resuiting firebait
rise rate is unrealistically slow, as compared to
test shot photographs. However, this contributes
1o the improved ability of the unreflected model
to calculate dose rates at iate times. The hydro-
dynamic model used in ATR is assentially equiva-
lent to the non-reflecteC shock variant of the
LAMB mode! described above. Like that modet,
ATR over-predicts the dose rate in the important
period uver the first feaw seconds after the re-
flacted shock wave has pasasd through the fire-
ball. However, unlike the LAMB model the ATR
cloud rise modsi is independent of the si‘ock
propagation process, being based on atmo-
spharic test observations.

The comparison between (STLAMB) calculated
and measured sxposures in the three 0 twenty
second time periods can be improved by lowering
the scurce reiative to the fireball center. Photo-
graphic evidence suggeststhat such as phenom-
enon does occur after the debris rises to the top
of the firaball, which takes place at approximately
three seconds. Table 23 provides an sstimate of
the affect of lowaering the source (but not the fire-
ball}. Those data are based on those presented
in Figures 46 through 58. As shown in the Table,
H stands for high source, N for nominea! and L for
low. intermediate locations are given as NG and
NL and are simpla averages, representing a mid-
point betwean the two cases for which calcula-
tions have been parformaed. Note that raising the
source for Shot Hood betwesn one and three se-
conds reduces but does not sliminate the dis-
crepancy, indicating that a change in cloud
location is probably necessary also.




Table 28. Delayed gamma ray model exposure calculation to

measurement ratios (nominal sonrce locaticn)
for three NIS shots.

Shot Time Range: 457 914 1372 1829 2286 2779 3261

Interval (m)

sec

SHOB: 110w 0 -1 1.08 1.34 1.26 1.16 .97 .33 1.05
1-3 1.76 1.40 1.12 1.0% .87 .93 .91
3-10 * .74 .81 * .95 1.04 1.07
10 - 20 * .38 .44 * .61 .83 .83
0-20 * 1,18 1.01 * .90 .95 .99
SHOB: 73a 0-1 1.18 1.06 .89 1.00 1.02 .91 *
1-3 .82 .28 .88 .97 .88 .95 *
3-10 .46 .72 17 .91 .85 .91 *
10 - 20 .47 .63 .68 .83 .74 .73 *
0-20 .84 .86 .83 .94 .88 .89 *
SHOB: 71m 0-1 .81 111 1.26 1.01 1.06 d *
1 -3 .62 .91 .99 .88 .94 * *
J-10 .42 .63 77 .74 .83 * *
10 - 20 .47 .40 .50 .58 .61 * *
0 - 20 .65 .82 88 .81 .86 d *
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Table 20. Delayed gasma ray model exposure calculation to

measuresent ratios (moving source location) for
three NTS shots.

Shot Time Source Range 457 914 1372 1289 2286 2779 3261
Interva) Location g-g

SHOB: 110m ¢ - 1 N 1.08 1.34 1.26 1.16 0.97 0,93 1.05
1-3 " 1.0 1.13 0.95 0,93 0.78 0.84 0.84
3-10 NL * 095 0.84 0.8 0.89 0.89
16 - 20 L . 1.10 0.90 * 0.76 0.85 0.75
0-20 . 1.15 0.99 0.85 0.88 0.90
SHOB: 73a 0 -1 N 1.18 '.06 0.89 1.00 1.02 0.91
1-3 N 0.82 0.88 0.88 0.97 0.88 0.95 ¢
3-10 M 0.67 0.76 0.72 0.82 0.75 0.79 ¢
10 - 20 L 1.30 1.18 0.9 0.95 O0.75 0.68 *
0 - 20 0.91 0.90 0.84 0.92 0.84 0.84 ¢
SHCZ: 71a 0 - % N 0.81 1,11 1,20 1.00 1,06 .
1-3 N 0.62 0.91 0.99 0.88 0.94 * .
3-10 N 0.62 0.65 0.72 0.67 0.7 ¢ .
10 - 20 L 1.31  0.76 0.71 0.67 0.61 .
0 - 20 0.70 0.85 0.89 0.80 0.83 ¢ .
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Lewering the sources at iate times mproves the
agreement betwaen measurement and caicuia-
tion but, just as importantly, it raverses the nature
of the discrecancy as it varies with rangse. The
remamning discrepancy ca~ be accourted for to
a large axtent on the Lasis Of the raciat misclace-
ment of the Source as it Moves down 1me Ju's ¢8
ci the trenall and everiua:, DeCnmres rél L0
rated n tha torus.

At times between five and ten seconds the cuter
surface of the rising fireball begins to cocl. the
vapors are subyect 10 drag from the surrounding
atmosphere. ha resuiting downward flow around
the outside of the firaball 1s matched by an up-

ward flow at itg center. Thus flow pattern produces
a torus. within which reside the debris. The radius
of the torus depends on yald. Thus, the torus for
tha 110m SHOB shot attaing a radius approxi-
mateiy 325 meters by ten seconds, while those
for 71 and 73m SHCB shots are aoproximatsly
200 meters in rackus Tne fow about the torus
causes rAgd muaxng. oo g Aand return 1o the
near ambiant denstty L -Jer such conditons the
racdial displacement of the debris causes an in-
crease :n exposure which increases with range.
in the case of the 1 10m SHOB shot that increase
in tarms cf multiphcaove factors has been esti-
mated using simple point-kernal calculation tech-
nGues, as {ollows:

Radial Source Dispiacement Corraction Factor, 110 SHCB

Time Penod Range: 914
(38C) Laal)
3-10 104 1
10-20 13 !

1372 2236 2779 3261
o7 1.15 1.19 1.23
17 125 130 1.35
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These factors have been applied to the 110m
SHOB shot source height-adjusted cailculation-
measurement ratics and the results provided in
Table 30. The data in Tabie 30 represent a defi-
nite improvement over the orijinal calculation-
measurement ratios, incorporating nominal
source location . 'ata only, as tound in Table 28.

OTHER MODEL COMPARISONS WITH
WEAPON TESTS.

There are other comparisons wiich can be made
with data from weapon tests in addition o those
discussed previcusiy. Owever, mest invgive to-
tal exposure ratrer than exposure rate.

Total gamma ray exposure data are avaiable for
device F, 22 Xt yiald, air droppad and axploded
at a height of 437m. Dsta are aiso svsilable for
device D, 21 Kt yieid, air dropped and axpioded
at a height of 432m. Both devices were similar
to Fat Man in design and high expiosive thickness.

Csiculated and measured (Refs. 38 and 37) gam-
ma ray exposure intensities are provided for de-
vice F in Figures 53 and 60 and for device D in
Figures 81 and 62. Each shot had two orthogonal
lines of filrn dosimeters, oNe runming wast from
the intended ground zero and one running south.
The messured valves I sve been revised as rec-
ommenctd by Fhery Storm, LANL (Ret. 52).
Those revisions include corrections for betatron

141

calibration energy (meas. * .885) and for
energy-dependence of film sensitivity (sensitive
films (exposure less than 10r) * .903, insensitive
films (exposure greater than 10r) ° .840).

The calculated exposure values are genarally 10
to 20% beiow the revised maasured values. How-
ever, agreement is somewhat better in the first
2000 meters thar: at greater ranges. Taking the
source location into account is likely to improve
the agroement, particularly at iong ranges. How-
ever, for shortar ranges the effect is likely to be
minimal given the high burst height.

In summary, comparisons of resuits of the beet
available modei for delayed gamma ray calculs-
tion with resuits of gamina ray exposu e rate
measurements made at atmospheric tests indi-
cate that the model has thort zomings which are
ma: iy due to incorrect hydrodynamic data or in-
adequate modeling detail basad on existing data.

The hydrodynamic model used in the ATh code
sutfers from deficiencies similsr to those altrib-
uted to the more sophisticated model. it does not
account for source motion relative to that ¢f tha
firaball, nor does it account for the sffect of torus
formation. However, as described in the body of
this report, the properties of the cloud risa and
blast model incorporated in ATR do allow succes-
sful scaling basad on scaled burst haight to obtain
a reasonable value for the time-intagral deiayed
gamma ray dose, aithough tha rate data may be
significantly in arror at any giver time,
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Table 30. Delayed gamma 1wy wodel exposure calculation to
measurement ralios for the 110m SHOB shot (moving
source with adjustment for Torus formation.

Time Source

Interval Location R?;?e: 457 914 1372 1829 2286 2779 3261
0-1 N 1.08 1,34 1,26 1.16 0.97 0.93 1.0%
1-13 NH 1.40 1,13 0,95 0.93 0.78 0.84 0.84
3-10 NL * 0.99 0.9 * 0.98 1,06 1.09

10 - 2¢ L * 1.24 1.0 =+ 0.95 1.11 1.0l

0-20 * 1.16 1,02 * 91 .97 1.00
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